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EXECUTIVE SUMMARY

Asareault of Cdifornia s dectricity criss during 2001, policy makers recognize that
mantaining areliable supply of energy a areasonable cost is by no means an easy task.
The task will be made harder as forecasts expect Cadlifornia s population to grow by six
million by 2012. Electricity consumption will jump by an estimated 60,000 gigawett
hours as aresult.

Nuclear power was very helpful to the state during the recent electricity crisis. Four
operating reactors at two nuclear power plants produce approximately 18 percent of
Cdifornia s power. Given the dearth of in-state supplies of natural gas and cod, the
volatile price of natural gasimported from out of state, and the expense of dternative
energy sources, the media, industry anaysts, and some legidators have broached the idea
of building additiond nuclear power plants.

Thisreport outlines the benefits and risks associated with the production of nuclear
power in Cdifornia The purposeisto provide policy makers with information necessary
to determine whether additional nuclear power plants can hep supply Cdifornianswith a
reliable and safe supply of energy at areasonable cost.

BENEFITS

Reduction in Air Pollution. Cdifornians are clearly concerned with poor air qudity,
which is associated with a number of health problems and with globa climate change.
Nuclear power can aso be part of a strategy to address carbon emissions. Nuclear power
plants emit no carbon dioxide, sulfur dioxide, or nitrous oxides. A recent aticlein

Science stated that one way to hold world carbon dioxide emissions constant given
expected population growth of three billion people, isto increase nuclear energy
production tenfold. The European Commission released areport that Europe would need
at least 85 new plants to meet the emission targets outlined in the Kyoto Protocol to
reduce globa warming.

Price Stability. Since nuclear technology was first introduced in the 1950s, the cost of
producing dectricity from nuclear power (not including congtruction costs) has remained
relatively congtant, unlike prices of natura gas and petroleum. During this period, the
industry has quietly found ways to improve plant performance, reduce operating costs,
and incresse capacity utilization.

I mproved Safety. According to the U.S. Department of Energy, the number of events at
nuclear power plants that trigger any of amultitude of safety systems have dropped from
2.37in 198510 .03 in 2000. In addition, recent research shows that the frequency of
accidents and the number of deaths from nuclear power production is less than for energy
production from cod, oil, naturd gas, or hydropower.

Reduced Reliance on Energy Imports. Increased reliance on nuclear power in the
United States means a reduced reliance on oil imported from other countries. Some
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countries even use nuclear power out of necessity because they do not have adequate
domestic supplies of fossil fuels. France, Japan, and India have dready followed this

drategy.

Improved Fuel Reprocessing. Reprocessing nuclear fuel reduces the waste that must be
disposed to three per cent of itsorigina amount. 1f nuclear fud is reprocessed, the
radioactivity declinesto that of cod ashin 400 years. The United Kingdom, Germany,
Japan, and France dl reprocess spent fud. The U.S. does not currently reprocess fuel
because of nuclear proliferation concerns. Reprocessing separates out plutonium from

the waste, dthough it is not the optima type for use in nuclear wegpons.

Diverdfied Energy Supply. Approximately 95% of al power plants constructed or
permitted in Cdiforniain the last ten years are fired by natural gas. Since Cdlifornia
imports mogt of its naturd gas, fluctuations in the price can dramatically impact the
ability of utilitiesto provide energy at areasonable cost. The stability of the price of
nuclear power could help to ensure that energy is dways provided at a reasonable cost.

Risks

Lack of Plan to Store Waste. According to the Naturd Research Council, the growing
volume of nuclear waste stored on-dSite at nuclear power plants requires attention. The
Council reports, however, that both geologic disposal and monitored storage on or near
the earth’ s surface are safe and feasible storage options. However, the federa
government has spent billions of dollars sudying YuccaMountain in Nevadaasa
potentia place to store nuclear waste, but opposition and technica problems have
delayed the project. A recent General Accounting Office report concludes thet there are
subgtantia barriersto timely development of the site.

Risk of Catastrophe. The accidents a Three Mile Idand in New Y ork and Chernobyl in
Russa confirmed the long-festering fear of many Americans that nuclear power was not
asafe source of energy. Asaresult of these two accidents, utilities cancelled a number of
proposed and partially constructed nuclear generating sations. Since thet time, industry
and government has worked to improve safety and reduce the risk of accident, but many
dill fear a catastrophe. These fears have only grown in the wake of the September 11
terrorist attack on the United States.

Lack of Public Support. Although recent pollsin the U.S. have shown that amgority

of the public supports an increase in nuclear power production, such numbers are highly
uncertain. Many countries are struggling with the decision to decommission their

exiging plants, maintain existing plants, or build new plants. Italy, Sweden, and

Germany dl have, or will, shut down dl their nuclear power plants. China, on the other
hand, plans to build 50 nuclear power plants by 2020. France produces dmost 80 percent
of its energy from nuclear power and Finland, Japan, and Canada expect to expand their
nuclear power production.

2 California Research Bureau, California State Library



Cost. Whilethe cogt of producing a megawait of eectricity from an existing nuclear
power plant is generaly less than or equd to the cost of producing a megawaitt of power
from natural gas or cod, such estimates do not include construction, decommissioning,
and insurance costs. The industry aso has the benefit of federad government subsidies
for research and insurance. Industry damsthey can build new plants that will be
competitive, but these claims have not been tested in the market.

Cdlifornia Research Bureau, California State Library
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. OVERVIEW OF NUCLEAR POWER

To gain acceptance, nuclear power had to overcome its own unpromising economics and
utilities' resstance to a new technology with uncertain impacts. Supporters of nuclear
power saw it as ameans of increasing the nation’ s stature and prestige in much the same
way as the space program.® The federa government won over utilities with subsidies and
agovernment-sponsored insurance mechaniam.  Utilities were d o influenced with
favorable forecadts of the low cost of producing electricity, although these forecasts
benefited greatly from assumptions about future scale economies and cost reductions
from greater experience.? A different view of safety regulation helped the economics.
Nuclear proponents did not ignore safety considerations, but they did not place the same
emphasis asthey would today. The result of these factors was that nuclear power grew
sgnificantly and produced power at a competitive price, a least in its early days.

Nuclear power’ s success was short-lived and it suffered a near deathblow from the
combination of severd events. The first event occurred when the Organization of
Petroleum Exporting Countries hiked ail pricesin 1973. In the short run, higher ail
prices gave a tremendous boost to nuclear power. However, this assistance was
trangitory as higher energy prices led to increased efficiency and conservation, reduced
consumption, and a host of competing industries and technologies. The woes of the
nuclear industry mounted when the reactor a Three Mile Idand in Pennsylvania melted
down. In the aftermath, utilities canceled a number of proposed and partidly constructed
nuclear generating stations. In the United States, nuclear power’ s fate was sealed when
the Chernobyl nuclear reactor in the Ukraine caught fire and spewed radiation across a
good part of Europe.

Despite these blows, industry andysts are talking about a resurgence for nuclear power.
Nuclear power plants are areliable and chegp source of ectricity (if you don't count the
cogt of building the plant) in Cdiforniaand much of the rest of the country. Indudtry is
hoping that engineers will be successful in developing an “inherently safe’ reactor.

Pollgters are finding signs that the public's attitudes are shifting under the threat of sky-
high dectricity prices and rolling blackouts. One recent statewide poll showed that 59
percent of those surveyed supported building new nuclear power plantsin the state.
Thirty-six percent opposed theidea. Thisleve of support amost matches the approva
rating that nuclear power received during the 1950s* Theresults are areversal of a1984
poll when atwo to one mgority disapproved of new nuclear power plants.

An industry group, the Nuclear Energy Ingtitute, has formed a task force of
manufacturers, contractors, and utilities to explore reviving nuclear power.® In particular,
they are looking at how regulators might license new nuclear generating technologies.
The President buoyed their hopes when the administration released the Presdent’s
Nationa Energy Policy. The plan treats nuclear favorably.

" “Inherently safe” reactors are described that way because they do not require active intervention and
controls to maintain safe generation; rather, they rely on physical lawsto maintain their safety.
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Cdifornia s dectricity problems and forecadts of rapidly increasing demand have dso
raised the hopes of proponents. The accompanying chart shows the growth over the last
twenty years aswell asthe forecast for Cdifornia.

Chart 1
California Electricity Consumption

350000
B Electricity Consumption
300000 -

250000

200000

GWh

150000 -

100000

50000 -

0_
G I I I

Source: Caifornia Energy Commission
Note: GWh means Gigawatt hours

BRIEF HISTORY OF NUCLEAR POWER IN CALIFORNIA

After the war, scientists proposed generating eectricity from nuclear power. It was not
until Congress enacted the Atomic Energy Act of 1954 that the civilian industry was
ready for growth. That same year, researchers began operating the first civilian prototype
nuclear generating station.

At the time, nuclear power seemed particularly important for California. Asthe Sate
grew, it was running out of options for generating its own dectricity. Relatively few
additiond gites for hydropower were going to be developed. Competition for out of State
hydropower sources was increasing, especidly from arapidly growing Arizona.
Cdifornias oil and natura gas production was declining. The state could rely on

imported petroleum, but that raised energy security questions. Cdiforniadid not have its
own source of cod and it was very expensive to haul it into the state. Nuclear fud,
unlike cod, is compact, hence the cost of transporting the fuel for civilian reactors was
inggnificant.
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Diablo Canyon Nuclear Generating Station

Source: Nuclear Regulatory Commission

The Atomic Energy Commission (AEC), the federd regulator and promoter of nuclear
power, awarded one of the first large- scale reactor demongtration projectsto PG&E. In
1959, the Public Utilities Commission (PUC) gave gpprova for this nuclear power plant,
which PG&E built & Humboldt Bay.

The prospects of additiona power plants led to the first controversies over nuclear power.
The opposition began because opponents objected to the locations of the plants, although
they eventudly expressed safety concerns. Citizen protests halted PG& E' s planned
reactor at Bodega Bay over concerns about development in a scenic areaand near an
earthquake faullt.

San Onofre Nuclear Generating Station

Source: Nuclear Regulatory Commission

Cdlifornia Research Bureau, California State Library



By the early 1970s, Cdiforniawas facing a potentia shortfal of dectricity. The
Assembly launched a specid committee to look into the eectricity quandary and hired
Rand Corporation to study thisissue. Rand prepared an analysis that saw 90,000
megawatts (MW) of nuclear energy by 2000, or about 90 plants, even though the state
only had about 500 MW of installed nuclear plant capacity at thetime® Concerned that
loca governments would not issue permits for these plants led the Legidature in 1975 to
edtablish the Cdifornia Energy Commission and charged it with expediting the
permitting of al power plants.

Controversies over nuclear power continued to grow. In 1976, the public qudified an
anti-nuclear initiative, Propodtion 15, on the balot. The measure would have placed
sgnificant restrictions on the development and operation of nuclear power.

In an attempt to head of Proposition 15, the Legidature passed three statutes that
Governor Edmund G. Brown J. signed into law.” Aswith the cregtion of the Energy
Commission, the Legidature passed these bills with the support of a codition of
environmentaist and pro-nuclear members. These three statutes required the Energy
Commission to study dternative designs, ensure that there was an ability to dispose of
nuclear waste, and that there was fudl rod reprocessing. The statutes did alow
exemptions for projects that were underway. The voters eventualy voted down
Propostion 15 by atwo-to-one margin.

San Diego Gas and Electric’ s proposed Sun Desert nuclear power plant wasthe first
nuclear power plant proposd to face these new laws. The Energy Commission soon
angered many with its refusa to grant alicense for the congtruction of the plant.” The
commission noted that utilities themselves were in the process of scaling down ther
needs for the future in the face of dowing demand growth.®

At least some of Cdiforniavoters did eventudly spesk against nuclear power. 1n 1989,
voters of the Sacramento Municipa Utilities Didtrict passed a measure that shut down the
Rancho Seco nuclear generating station.

Nuclear Power in California

Nuclear supplies about 18 percent of the state's eectricity, trailing naturd gas and
hydrodectric. There are four plants operating within the Sate.

T With the benefit of hindsi ght, this decision iswidely credited with saving San Diego ratepayers several
billion dollars, at least before the increasein electricity pricesthat began in the summer of 2000.
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Tablel
Cadlifornia Nudear Reactors

Began Commercid
Name Capacity Factor Operations Megawatts
Diablo Canyon 1 87 5/85 1073
Diablo Canyon 2 93 3/86 1087
San Onofre 2 71 8/83 1070
San Onofre 3 72 4/84 1080

Source: Nuclear Regulatory Commission
Note: Capacity factor isthe percentage of total possible output that the plant actually produces.

Cdifornias nuclear power plants have consstently operated above the nationad average
in terms of their capacity factor.’ Diablo Canyon and San Onofre are the two largest
power plantsin the state dthough there are two gas-powered plants that are dmost as

large.

The gtate dso imports power generated at Pao Verde, anuclear generating ation in
Arizona. This plant has run above 90 percent of its capacity for the last severd years,
topping both the nation's average and those of Cdifornias plants. Palo Verde conssts of
three nuclear reactors each rated at 1270 megawatts. At various point, Caifornia utilities,
including Southern Cdifornia Edison, had a steke in thisfadility.

The following map shows the nuclear power plantsin the other western sates. For
Cdifornia, the map includes the research reactor at Vallecitos, the decommissioned
Rancho Seco plant, and the shut down Humboldt Bay and San Onofre 1 plants.
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Map 1
Nuclear Reactorsin the Western United States
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Source: International Nuclear Safety Center

The following map shows reactors throughout the United States.
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Map 2
Nuclear Reactorsin the United States
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Asthefollowing chart shows, nuclear power has grown steedily as a source of eectricity
generdion in the United States. The tota number of power plants, the line in the chart,
topped out in the early 90s as some plants subsequently closed. The proportion of al
electricity produced from nuclear plants, the bars, has stayed relatively constant since the
late 1980s.

Chart 2
U.S. Nuclear Electricity Generation
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Source: Energy Information Agency, Department of Energy
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Brief Description of a Nuclear Power Plant: Two facts are important to understand
materid in the rest of the report. (See Appendix A for amore detailed discusson and a
diagram of anuclear power plant.)

Nuclear power works because a uranium atom will split in two and release alarge
amount of energy in the form of heat. 1t splits when bombarded by a neutron
from a decaying radioactive dement. The processis called fisson.

Radioactive uranium decays naturally, throwing off neutrons thet lead to fission
and additiond splitting of atoms. The splitting also releases radiation.

The uranium must be processed, or enriched, to reactor grade for use in anuclear power
plant. The enriched uranium contains more of the radioactive portion of uranium. The
reector core iswhere fisson splits the uranium, thereby generating hest, which is used to
boil water and create sseam. The steam then turns aturbine, generating electricity. Water
surrounds the fuel and neutron absorbing control rods and helps controls the chain
reaction. The control rods are criticaly important as they absorb neutrons and dow down
the pace of fisson. The reactor vessd is aso flooded with water, which acts as a coolant
and amoderator, meaning it moderates the reaction by absorbing neutrons.

Although usudly only uranium isloaded into the reactor we are describing here, fisson
soon produces plutonium.  Plutonium is a man-made radioactive element. That
plutonium is useful in place for fue, about one-third of the energy produced by a nuclear
reactor comes from fisson of the created plutonium.

12 California Research Bureau, California State Library



[I. NUCLEAR POWER INDUSTRY

U.S. nuclear power industry isthe largest in the world with 104 operating plants. The
last new plant opened in 1996, twenty-Sx years after the utility ordered the plant. The

industry is composed of many operators, athough the number is shrinking with

consolidations. The largest single operator in the world is Electricité de France, the

French nationd utility with 59 plants.

Nuclear power indudtry officids are now optimistic about the future of nuclear power.
One executive has cdled the current Situation, a“ ... renaissance of nuclear power.”*°
This optimism comes fast on the hedl's of what gppeared to be a depressed time for the
industry. Utilities closed six reactors since 1996, leading some industry critics to forecast
the decline of the industry as awhole, especidly with the advent of a competitive
eectricity market. Many andysts thought that nuclear power would be uncompetitive
and that market forces would force plant closures!* Others argued that these plant
closures did not reflect conditions in the overal industry, but were poor-performing
plants that required significant investment.*?

Representatives of the industry credit the optimism to these trends.™

Operators have made significant improvements in the performance of these
plants. The industry operating at 65 percent of capacity in the early 1980sis now
at 89 percent and some operators are attaining mid-90 percent capacity rating
factors.

Nuclear power is currently the lowest priced power in the United Statesif only
operating expenses are counted. Part of the reason for the low cost isthat the
nuclear fud prices, in contrast to natura gas and petroleum has been reatively
gable. Naturd gas prices more than doubled in the last couple of years and have
sgnificantly affected eectricity prices.

Emissions of gases that contribute to globa climate change are much lower for
nuclear power than other fuels such as cod and naturd ges.

Operators have significantly increased the capacity of their plants. “Uprates’ as
they are called have totaled 2500 megawatts (MWs) since 1977 and over 300 MW
in thefirg haf of 2001.

California Research Bureau, California State Library 13



Chart 3
Cost of Fuelsto Power Plants
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The following chart showing improved capacity utilization details some of the
improvementsin theindustry. Plant operators have been able to grestly improve plant
performance and increase capacity utilization.

Chart 4
Nuclear Capacity Utilization
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Chart 5
Capacity Utilization
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Industry officids aso point to the decline in the number of “events’ as further proof of
improved operations. An event triggers any of the multitude of safety systems. The
number of events has dropped from 2.37 in 1985 to .03 in 2000.*

Despite these overdl trends of improved operation and maintenance, the industry’s
performance varies Sgnificantly. The following chart divides the production costs
(operation and maintenance only) among four groups of nuclear plant operators. The
costs for the most expensive producers are more than twice that of the cheapest.

California Research Bureau, California State Library 15



Chart 6
U.S. Nuclear Industry Production Costs
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Deregulaion is changing the structure of the utility industry and the nuclear indugtry is
changing with it. The utilities are becoming larger companies as they merge or acquire
other companies. Some utilities are divesting energy-generating assets and new
companies are entering the eectricity market as generators. The latter generate power
and sl to digtributors, often the investor-owned utilities. Some of these generators own
nuclear power plants.

Utilities are redlizing that there are economies of scale operating in nuclear power and
those companies owning one or two plants are sdlling them. There have been 14 sales
since 1998 and the prices appear to have jumped.” The most recent prices have been ten
times higher than sdles of just severd years ago. Five years ago, 46 companies were
operating the 103 nuclear plantsin the country. Thisyear the number of operators
dropped to 24. With the concentration of ownership increasing, those companies owning
nuclear power plants have holdings throughout the nation and even esewhere in the
world. Five operators own haf the nuclear generating capacity in the United States.

Origindly, federa regulators licensed nuclear power plants for 40 years. The current
average plant age is about 18 years, but some plants have reached the end of their license.
The Nuclear Regulatory Commission (NRC) re-licensed its first plant March 2000 and
more extensions have been granted or are pending. Most industry observers predict that
the NRC will extend many of these exigting licenses, as plants are more durable than
proponents origindly envisoned.

¥ 1tisdifficult to generalize with complete certainty asthe plant quality may differ, the amount of
transferred fuel varies, etc.
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INTERNATIONAL DEVELOPMENTS

Thirty-two countries operate nuclear reactors. Another four nations, Egypt, Indonesia,
Iran, and North Korea, are poised to join the nuclear power club once they complete
reactors in the planning or congtruction stage. Nuclear power is doing wel in third world
countries, especiadly in Asa. The Department of Energy expects the developing world to
double its nuclear generation capacity within the next 20 years.

Within the industridized world, the outlook is different.> Anaysts forecast that only
Finland, France, Japan, and Canada will expand or even maintain their current levels of
nuclear generating capacity.'® In Europe, most countries are planning to eiminate or
reduce nuclear power. These actions are a combination of the continuing concern about
the affects of nuclear power combined with relatively new finds of natura gas, especidly
in those countries bordering the North Sea. Ironically, European countries are acting
with caution a atime when the European Commission issued a report recommending
European utilities build least 85 new nuclear plants to meet the Kyoto protocol .*’

A number of countries never dlowed nuclear plants or opted to shut down their industry.
Theseinclude Ireland, Sweden (dismantle existing plants), Philippines (dismantle
exiging plant), Austrdia, Luxembourg, New Zedand, Denmark, Audtria, and Greece.’®
Some of these countries acted in the wake of the Chernobyl accident, but others had
dready announced their opposition to nuclear power. For example, Austria banned
nuclear power in 1978.

Following isapartid listing of important developments in nuclear power throughout the
world. Appendix B contains acomplete listing of the status of reactors throughout the
world.

Canada: One of the world's nuclear pioneers, because of the nation’s role in developing
the first atomic wegpon and its use of nuclear power. Canada has 14 operating plants and
an additional sx mothbaled plants are being brought back into service.

China: The country brought its first nuclear plant on-linein 1991. The country's priority
is developing hydropower with therma power alower priority. However, Chinaseesa
role for nuclear power in the energy-deficient coastal provinces with no domestic fossil
fuds and little hydropower potentid. The country is planning for as many as 50 nuclear
power plants by 2020.

Finland: Unlike countries such as the United Kingdom, Norway, or the Netherlands,
Finland is not one of the energy-rich countries of Europe. They are serioudy planning
for the congtruction of anew plant to augment the country's existing five plants. The
government has adopted this plan as the only reasonable way the country can meet its
obligations under the Kyoto Protocol carbon reduction goals.*

France: France has pursued a vigorous pro-nuclear policy snce the mid-70s, shortly
after the OPEC-induced ail price shock. The country's 59 units give France the second

Cdlifornia Research Bureau, California State Library
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most nuclear power plants after the United States. Nuclear power produces a greater
share of eectricity than in any other mgor country, 76 percent.

There is awidespread debate over why nuclear power has been so successful in France.
A Ministry of Industry officia cited three reasons®

The traditiond independence of the French and the concerns about being
dependent on the unsettled Middle East for energy sources. France had fought
and logt along bitter war for Algerian independence less than 15 years before the
firg oil embargo. They did not view themsdlves as having an dterndive to
nuclear power if they were to increase energy independence.

France has atradition and culture of large centrally managed technologica
projects.

French authorities have worked hard at advertising the benefits and risks of
nuclear energy.

Nuclear industry critics, including Raph Nader, put an dternative view about France' s
adoption of nuclear power forth. He views France as a closed society:

“When it comesto nuclear reactors they might as well be atotditarian
society. They' re as closed on nuclear power as the Soviet Union was.”**

The French example iswidely praised by industry observers cited for their sandardized
approach with one company responsible for al operations. That structure alowed
mistakes and lessons to be quickly transmitted throughout the corporate entity. They
used, with some exceptions, one basic design. France has been recycling their waste, to
both get new fud and reduce the quantities of waste requiring disposd.

Nuclear power was not universaly popular in France?? The utility met enormous
resistance when the policy was first announced. Degth thrests, bombings, and vandalism
al occurred, dthough that eventualy dackened. More recently, there are reports of
waning popularity.?® A recent poll showed reduced public support and the government
has gtarted talking about reducing dependence on nuclear energy, dthough certainly not
ending their support of nuclear power. The reduced public acceptance follows severd
mishaps and problems, including the government's shut down of the expensive and
troubled breeder reactor, the release of a study that showed higher than average leukemia
rates around the fuel reprocessing plant, and the government’ s charging the reprocesser
with illegaly storing nuclear waste.

France is not planning or constructing any new units. Around 2010 the oldest plants are
dated to be shut down and the government will have to decide how to replace the power
they produce.

Germany: After severd years of controversy and negotiation, Chancellor Schroeder has
agreed to shut down the country's 19 nuclear power plants over a 20-year period. These
reactors provide 35 percent of the nation's eectricity.
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Italy: Itaian voters gpproved a nortnuclear policy in 1987 in the wake of the Chernobyl
accident. Itay'slast plant was shut down in 1990.

India:** They dso have an ambitious civilian nudear dectricity generating industry.
Thelr interest in nuclear has been fanned by their large geographic size and few domestic
energy resources, save for hydropower and cod, both of which are geographically
limited. While they have alarge number of reactors, their energy policy isto have amix
of various sources including renewable and non-conventional. The country isaso very
interested in pursuing thorium as a reactor fudl due to their large domestic deposits. The
country is pursuing nuclear power for energy security looking a both the current energy
environment and to ensure that if in the future prices go up they will have the technology
and infragtructure to expand their nuclear power.

India used aresearch reactor to join the club of nations with nuclear wegpons.

Indonesia: Despite the country’ s large petroleum reserves, Indonesia, like some other oil
producing countries, wants to maximize oil export revenues. Hence, they want
dternatives to petroleum for dectricity generation. They are developing thair first

reactor.

Japan: The country launched its ambitious nuclear program shortly after the end of
World War Il. They wanted to increase their energy security, an important issue for
Japan as a country that started and lost one war, at least in part, because of their energy
Security concerns. Japan's ambitious program is third only to France and the United
States with 53 reactors.

The program has been dogged by accidents lately. A fire occurred a a prototype reactor
in 1995. Later, areactor was shut down as a precaution in the wake of astrong
earthquake. No damage occurred. 1n 1999, an accident at a reprocessing plant killed two
plant workers and exposed dmaost 500 people, including those outside of the plant to
radiation. In light of the incident, the government abandoned plansto build 16 to 20 new
reactors.

Despite the recent problems, the government remains committed to nuclear power for
energy security as well as concerns about globa warming.® The government rejected
increased use of renewable energy sources, chiefly solar, because of the poor economics
and potentidly large land impacts. As adensgly populated idand nation, the government
finds the low volume of wastes produced by nuclear power attractive and they are trying
to find along-term disposal option. Although strongly committed to nonproliferation of
nuclear wegpons, Japan does use fuel-recyding technology.

Republic of Korea: This country has one of the most ambitious programs with 16 units
operating, four under construction, and another eight reactors planned.

Mexico: Mexico hastwo nuclear power plants, both in the southern part of the country.
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Netherlands: The Dutch are in the process of shutting down their two plants by 2004.

Pakistan: Like India, Pakistan has acquired nuclear wegpons. Also like India, the lack
of indigenous energy resources, save for hydropower, is pushing their plans for nuclear
power. They have long-term plans for additiona plants.

Russia:*® Avowedly nuclear, Russiajust announced plans for a second breeder reactor to
be built. The country has 30 operating plants, including some of the same design asthe
Chernobyl plant.

Spain: Thisisanother of the western European countries that has a moratorium on the
congtruction of new plants. The country has plans to shut down their nine existing plants
within the next ten years.

Sweden: After areferendum againgt nuclear power passed in 1980, the government
eventualy shut down itsfirst nuclear power plant in 1999. The parliament voted to shut
two units, one of which will be shut down only if it can be replaced with sufficient
capacity from renewables or dectricity conservation. As of June 2001, there are 11
reactors operating in the country.

Taiwan: This country continues to build plants to increase the diversity of their
eectricity mix.

Turkey: The country recently cancelled a plant that was under development. Instead
government decided to focus on energy conservation and invest in natura gas, hydro,
solar, and wind. The decision was made in part because of the country's augterity
measures. There was aso strong opposition to the planned plant, based in part on sasmic
concern.

United Kingdom: Thirty-three plants generate over 20 percent of the country’s
eectricity requirements. However, no new plants are planned. Anaysts expect the
amount of generating capacity is expected to shrink significantly as older plants are
decommissioned. During the last 25 years, this country has had aremarkable changein
energy fortunes with the development of significant quantities of oil and naturd gasin
the North Sea. This country’s ready accessto fossil fuels has hurt the economics of
nuclear power.

Ukraine: There are 13 operating plantsin the country.?” Theindustry is marred by
unpaid bills and continued problems of forced shut downs to maintain the plants. The
Ukraine has expressed willingness to close down Chernobyl, but it daims it needs help
from the developed world.® The country plans to build two new reactors to replace the
closed Chernobyl. The country's only indigenous source of energy iscod.

8 Although the plant involved in the Chernobyl accident is shut down there are other reactors at the site.

20 California Research Bureau, California State Library



1. HEALTH AND SAFETY
One observer, an advocate of nuclear power, made the following observation:?®

“Fifteen years have passed since | first dluded to nuclear energy as aFaugtian
bargain: humans, in opting for nuclear energy, must pay the price of
extraordinary technicd vigilance for the energy they derive from nudear fisson
if they are to avoid serious trouble”

Using nuclear power presents somerisks. Risk can be thought of asthe possihility of a
consequence multiplied by the likelihood of such an incident occurring. In risk andyss,
mere andys's of the consequencesis mideading. Since we know that airplanes crash,
why would we ever fly? The reason isthat we aso congder the likelihood of such an
event actualy occurring. Operating nuclear generating stations could lead to some
potentialy very severe consequences. The chances of these events occurring are low;
hence the probability greetly affectstherisk.

RADIATION—GENERAL

Radiation is amply defined as energy traveing through space. Itistruly everywhere, as
sunlight is compaosed of radiation. Beyond the ultraviolet radiation in sunlight, there are
high-energy types of radiation to which we are regularly exposed through medica x-rays
or natural sources. Much of our natura exposure can come from radon gas, which seeps
from the earth’s crust and mixes with the air we bresth.

High-energy forms of radiation can cause damageto living tissues. There are severd
types of radiaion with different biologicd effects. For example, ingesting dpha particles
is quite dangerous, but unbroken skin is sufficient to protect a person from them. Large
doses of certain types of radiation can cause illness and desth within days. However,
there are doses that can cause no immediate noticesble harmful effects, but can lead to
greatly increased risks of cancersin the future. Manmade radiation is no more or less
toxic than natura, but it increases the amount of radiation over the natura background
leve.

Radiation has two types of hedth effects, somatic and genetic. At high doses, the

somatic injuries that occur usudly occur quite quickly usudly within hours, aday, or a
most weeks. Chronic low-level exposure may lead to Smilar effects, but over many

years. Acute exposure to radiation can lead to death within afew days or weeks. Smaller
doses can cause burns, loss of hair, nausea, loss of fertility and pronounced changesin the
blood, cancer, congenitd abnormdlities, and genetic defects® The human body has some
ability to repair itsdlf from exposure to radiation.

The norma operation of nuclear power does relesse radiation. There are standards for
radiation protection and exposures that are based on the standards of the International
Commission of Radiologica Protection. Radiation releases are a safety hazard of nuclear
power plants. Radiation is released three main ways.
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Routine radioactive releases during normal operations of a plant. Such releases are
permitted and governed by federd regulation and internationally accepted standards of
exposure. The standards allow rel eases, athough regulated, beyond the plant boundaries.

Radioactive releases during emergency and accidental conditions. Such emissons
occurred at the Three Mile Idand accident and the much more catastrophic Chernobyl
nuclear generating station in 1986. At Chernobyl, only four percent of the fisson
products escaped causing widespread significant impacts that are discussed later in this
section.

Radioactive releases from storage of long-lived radioactive wastes. Somefisson
products are very long-lived and must be stored to ensure safety. Releases could occur
into the groundwater or from rupturing of the storage area and dispersd into the
atmosphere.

Although not directly associated with the plant, releases can aso occur from uranium
mining. Mining has a great potentid of environmental damage and has caused such
damageinthe past. During operations, there can be radioactive releases of gas, dugt, or
other radioactive materid. Inadequate care during mining's early days hasled to
heightened death rates among miners°

Although nuclear power does lead to radiation releases, the amounts are small under
normal operations. They are not even the largest source of manmade releases. The
largest source of these is not nuclear power, but coal-fired power plants®* A 1000-
megawatt coa plant releases about 100 times more radioactivity than a nuclear plant
during its norma operation. Following isatable of exposures from various activities, al
of which exceed the permissible releases from a nuclear power plant.

Table2
Radioactive Exposures
Activity Exposure
Seeping with someone for 8 hours 2 mrems
Living within 50 miles of acod plant 3 mrems
Living in amasonry home 7 mrems
Living on the Earth 200 mrems
Smoking 16,000 mrems
Air Trave 1 mrem per 1000 miles
Grand Centrd Station 120 mrem for employees
(Granite condruction materias)
Maximum alowed exposure for a nuclear power plant worker |5 mrem

Note: Mrem isdefined as a unit of radiation dose equivalent to one-thousandth of arem (which stand for
Roentgen equivalent man). It measures the amount of damage to human tissue from a dose of radiation.
Source: Frontline: Nuclear Reaction,
http://www.pbs.org/wabh/pages/frontline/shows/reaction/interact/facts.html
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What isthe Harm from Small Exposures? Radiation is easy to detect, evenin
minuscule smal amounts, but it is difficult to determine the hedth impacts from these

low doses of radiation. The impacts of low-level exposure are extrapolated from high-
level exposure. The impacts of low exposures are hard to detect in the human population,
as the possible impacts are difficult to observe given normd mortdity from cancer and
other illnesses.

The scientific community assumes that the hedth impacts are proportiond to the
radiation exposure and that dl doses, even the smdles, are potentidly damaging in
proportion to the quantity of radiation. Thislinear relationship is an assumption and is
increasingly being cdled into question.?

An example of the difficulty of determining the impacts from radiation exposure can be
seen by examining the aftermath of an incident a the Sdllafied fud reprocessing plant in
the United Kingdom. Research had shown that there was a sufficiently high rate of
leukemiato warrant the area being caled acluster. Attention was focused on the plant,
which inits early days had reatively high rdleases. However, the rates of leukemiawere
much higher than what would be expected given the releases. It is an open question if
thiswas a case of a particularly vulnerable population being stricken or just adtatistica
anomaly. The existence of a cancer cluster done does not mean the radioactivity from
the plant isthe cause. Researchersfound other clusters of cancer in the United Kingdom
that had no explanation and were not linked to a source of radiation.

Large satisticd studies from areas surrounding nuclear power plants have shown mixed
results. A mgor survey conducted by the Nationa Cancer Ingtitute and published in the
Journd of the American Medical Association found no eevated risks of cancer in 107
U.S. counties located near 62 nuclear power plants** Nevertheless, there have been
dudies of other communities, both here and in the United Kingdom that have shown
elevated rates** There has been continuing debate about the adequacy of these studies.®

NUCLEAR PROLIFERATION

Nuclear proliferation occurs when materias used for civilian power purposes are diverted
to wegpons. Theft or diverson, misuse of fadilities, or transferring of skillsand
knowledge can dl condtitute nuclear proliferation.

Diverson of plutonium is one of the most worrisome proliferation issues. Plutoniumisa
manmade eement that is the primary explosive in most nuclear weapons and can be used
asafud in nudlear reactors. A reactor fueled with uranium produces plutonium during
fisson. The produced plutonium becomes a portion of the high-level nuclear waste from
areactor. High-level waste is strongly radioactive, arisk to hedth, and remains
radioactive for avery long time.

Plutonium istoxic, but it is not the most toxic dement known to man, as clamed by
some nuclear opponents. It is actudly less toxic than many substances, but it does pose a
great danger if avery smal amount isinhaed.
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Asthefallowing picture shows, asmal amount of plutonium can produce avery
powerful wegpon.

Amount of Plutonium Necessary for a Nuclear Weapon

Source: Canadian Coalition for Nuclear Responsibility

The plutonium produced in civilian reactors can be separated and enriched to produce a
nuclear wegpon. However, this plutonium is not idedl for wegpons, because it is highly
radioactive, hot, and unstable®* Thereis debate regarding how significant are the barriers
of using thisreatively undesirable isotope for an adequate nuclear wegpon. One
argument is that the ungtable plutonium is only cgpable of producing much lower-yidd
nuclear wegpons.®” Ancther argument isthat dthoughi it is not ided, the barriersto using
it as aweapon are not insurmountable for anuclear state or even aterrorist group.®

Mog, if not al, of the countries that have acquired nuclear wegpons, have done this by
usng fadllities that are designed and optimized to produce materid for nuclear wegpons,
not civilian nuclear power stations.® India developed its nuclear weaponsin aresearch
reactor not an electricity-producing reactor. Research reactors are significantly cheaper
to build and use when compared to civilian generating stations and research reactors will
provide the optimum type of plutonium.*® Nuclear generating stations, however, can
provide atraining ground for acquiring skills and expertise that makes wegpons
production easier. Assuch, some argue that just the existence of a civilian nuclear power
program carries an ambiguous threat that may lead others to atempt to develop nuclear

wegpons.*

Plutonium can be an important source of energy. The spent fuel produced by civilian
reectors contains agreet deal of uranium and plutonium. Reprocessing can enrich these
both and allow them to be reused asfud. Reprocessing for fuel production does not
produce pure plutonium, but plutonium mixed with uranium for use as reactor fuel.
Specid reactors, termed “breeder reactors’ are designed to maximize and optimize that
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production of plutonium and can create a great ded of plutonium for use asfud. Theuse
of breeder reactors could increase the world's supply of fuel for reactors by afactor of 60,
meaning thousands of years of fud rather than hundreds. Another source of plutonium is
from nuclear disarmament.

The argument for reprocessing is that reactors create a considerable amount of plutonium,
about 500 pounds per year in a 1000 mw reactor, which must be disposed of as high-leve
waste. Udng the plutonium in areactor destroysiit, insteed of leaving it in the ground

with other wastes. Over time, as the plutonium decays it changes into a type of

plutonium that is easier to make into wegpons.

Concerns about proliferation from plutonium mean that any technology that uses or
produces plutonium is controversid. These include any reactor that burns plutonium as
fuel and plants that reprocess spent fuel to produce plutonium. To reduce the availability
of plutonium and help stop the proliferation of nuclear weapons, President Carter stopped
the breeder reactor in the United States and halted efforts to reprocess spent uranium fuel
and produce plutonium for commercia uses.

Other countries disagreed with the U.S. policy and have gone ahead with breeder reactors
and/or plutonium reprocessing. Among them are Britain, France, Belgium, India, and
Japan. Still others are considering the breeder reactor. The United States did not attempt
to end fud reprocessing in other countries*?

Plutonium could be manufactured illicitly for wegpons by other means. Depleted

uranium, which isrelaively easy to obtain, can be placed indde a civilian reactor and the
subsequent neutron bombardment will produce plutonium.  Although such an action

would be aviolation of international protocols and tregties, it isrelatively easy to do.

|sradl was sufficiently concerned about the use of a civilian reactor for making anuclear
weapon that it destroyed the Iragi reactor in 1981.** Researchers are a'so concerned about
new, cheaper, and easier way's to make weapons grade uranium.*

The International Atomic Energy Agency does the bookkeeping and follows up with
ingpections regarding the production and storing of nuclear materids. They have not
reported any anomalies that suggest that diversions have occurred.** However, observers
acknowledge that measurement error could till dlow diverson of sufficient materia for
wegpons without notice by the agency.*®

Proliferation concerns are not limited to nuclear power. There are sufficient radioactive
isotopesin cod, so that cod ash that could be used as a source for weapons material.*’
The ash from any cod generation plant could be collected and reprocessed. The Atomic
Energy Commission (AEC) at one time actudly investigated that option.*® The amount
of ash produced each year from atypical cod-fired power plant contains 5.2 tons of
uranium (75 pounds of U-235) and 12.8 tons of thorium.*® Because coal-burning
facilities do not have a high profile, it could represent aless obtrusive way for a country
to gather the necessary radioactive materid for a nuclear weapon.

Cdlifornia Research Bureau, California State Library



SAFETY OF POWER GENERATION

All forms of dectricity generation feature risks. Theserisks are posed at all stages,
exploration, production, trangportation, and the actua operation of aplant. Research has
attempted to quantify the exact frequency of accidents and the resulting number of deeths
for avariety of energy sources, including nuclear power.*® The research shows that
nuclear comes out as a safer means of energy production, far sfer than cod, ail, natural
gas, or hydropower.>* Appendix C contains some tables that show the relative frequency
of accidents. These figures are based on the historical record of incidents, not
hypothetica or possbleincidents. A very large nuclear accident could draméticaly
change those higtorica frequencies.

Another approach that research has taken isto look a longer-term hedth impacts.>
Based on the historica pattern, nuclear power is safer than coa and oil and
goproximatdy as safe as naturd gas. Emissions from burning foss| fuels, especidly

cod, create asignificant risk. Both of these studies are based on international data, hence
they include the damage caused by the Chernobyl accident.

NUCLEAR POWER AND AIR EMISSIONS

Nuclear power is getting some increased attention because of the reduced greenhouse gas
emissons. Thefollowing chart shows the greenhouse gas emissions from various power
Sources.

Chart 7
Greenhouse Gas Emissions From Electricity Production
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Surprisngly renewables do not do aswell in thisandysis as you might expect

consdering they do not have direct emissons during generation. The emissons reflect
the large Sze of operation that is required to generate substantial amounts of eectricity.

It isthe large Size of the congtruction effort that leads to the increased emissions of
greenhouse gases. A wind farm equivaent to a 1000 MW fuel plant would require 4,000
turbines on hundreds of square miles and would be amgor construction project. Both
would consume large tracts of land and require expanded gathering and transmission
sysems. Distributed generation technologies could amdiorate the impacts presented
here.

Nuclear power could be one way to reduce the release of greenhouse gases. Asa
basdine, the Department of Energy (DOE) sees carbon dioxide emissonsincreasing
deadily. Reeasesin the United States will grow from 1.5 to 2.1 million metric tons by
2020.%* Thisgrowth is moderated by what they see as higher projected nuclear
generation. A recent articlein Science laid out a scenario where carbon dioxide
emissons are held congtant in the face of another three billion people and additiona
growth in income. The scenario laid out in the article would have world nuclear
generation growing ten —fold.>* As noted earlier, the European Commission has just
released areport saying that Europe will need at least 85 new plants if projected carbon
dioxide releases are to be cut to alow Europe to meet the emission guidance in the Kyoto
protocol.>

There are dternative views showing that the United States could meet the Kyoto
Protocols without expanded nuclear.*® For Cdifornia, the Energy Commission has
released a report showing how Cdlifornia could reduce its emissions of greenhouse
gases.®” For the eectricity generation sector, they recommended incorporating the
externd environmenta costsin resource planning. This would require polluting forms of
generation to pay their socid costs. Their options include promoting high-efficdency gas
generation technologies and funding renewable resource development and
commercidization until it becomes a market economy. They aso recommend further
integration of renewable generation technologies into the dectricity system.

Besides the reduced greenhouse gas emissions, nuclear power, aswell as renewables,
does not release the air pollution that results from burning fossil fuels. Cod isthe largest
source, a 1000 mw coal-fired station consumes three million tons of cod. The plant will
produce seven million tons of carbon dioxide, 120,000 tons of sulfur dioxide, 20,000
tones of nitrogen oxide and three quarters of amillion tons of ash--digposed in alandfill.
These emissons are not benign. Sulfur dioxide emission may promote acid rain and,
nitrous oxides are precursors to smog. Particulate, especialy from the burning of cod,
causes lung allments.

PLANT SAFETY AND INCIDENTS
In a1994 study, the World Hedth Organization (WHO) categorized radiation incidents

into two different categories and inventoried as extensively as possble dl of theworld's
incidents.
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The fird type conggts of incidents that involve alarge number of people. Thistype
isvery rare. The World Health Organization could find only seven such incidents.®
In these incidents, the radioactive exposure is lower than in the second type of
incidents.

The second type of incident features very high exposures to radiation, but these
incidents affect a smal number of people as the affected must be very close to the
source of theradiation. These occur most often in the workforce because of
indugtria accidents and are much more common.

Of the saven incidents in the first category where alarge number of people were exposed,
three of these were at reactors of which two were at civilian nuclear reactors. The
accidents at reactors are:

Three Mile Idand.

Chernobyl, which happens to be in both categories, that it exposed alarge
number of people in awidespread area and acutely exposed those working at
the plant. Thisisthe other civilian nuclear reactor accident.

Reactor fire in the United Kingdom (Windscale). Thiswas a military reactor.

Chernobyl and the other four incidents that were not at civilian reactors resulted in much
more serious heath impacts than Three Mile Idand or the Windscale reactor fire>

Events that feature greetly eevated exposures to radiation have occurred only asthe
result of industrid and medica accidents and not from civilian nuclear power reectors,
save for Chernobyl, athough there was a recent event in Japan at afuel reprocessing
plant that occurred after the WHO study.®® At least severa of these evated exposure
incidents occurred in the United States. There were reactor incidents, but all at research
reactors in the late 1950s and early 1960s.

The World Hedlth Organization holds that nuclear power is, in principle, a safe
technology when practiced in accordance with the well-established and very strict
nationd and internationa rules and regulations®® The following chart shows some other
industrid accidents, to place in perspective the size of the nuclear incidents that have
occurred. Agan, ahighly improbable but very large nuclear accident could dramaticaly
dter this chart.
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Chart 8
Noted I ndustrial Accidents
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The worst incident that can occur at a nuclear reactor isthe release of fisson products. A
nuclear plant cannot blow up asif it was aweapon. Release of fisson products could
occur if the fud mets and releases fisson products, some of which could be released as
dust. If thereis some water |eft in the reactor, areaction could start that releases
hydrogen, an inflanmable and potentidly explosve gas. The explosion of hydrogen
might rupture the containment vessdl. In such an incident, the containment vessd is

likely to remain intact in most of the occurrences and no desths are expected.®? In one out
of five incidents, however, researchers caculate there would be 1,000 desths, and in
possibly one out of 100,000 incidents, there would be 50,000 deaths. While thisis
clearly alarge number of degths, the probaility of any individud perishing from a

reector accident is till less than the risk of desth from an arplane crashing into your
house.®

Recently congtructed nuclear power plants are safer than those built earlier. Part of the
increased safety isaresult of operationd experience. There have been sgnificant
improvements since Three Mile Idand.** A study of incidents shortly before and after
Three Mile Idand found over a 60-fold improvement comparing the period 1969- 79 to
1980-81.°> That study looked at events that would have caused a melt down save for
operator intervention. The improvement has continued today, with the number of events
dropping from 2.37 in 1985 to .03 in 2000.°¢ In this study, the researchers defined events
asincidents that trigger one of the many safety systems.
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The increased concern over terrorism has heightened concern about the safety of nuclear
reactors. The containment structure could be breached by the crash of alargejet. Any
breach of the containment structure when combined with a serious reactor problem
leading to amelt down could lead to widespread dispersion of radiation.

One argument made by some researchersisthat the plants are dready safe enough,
indeed even too safe.’” While this may sound hereticd, the argument is that society has
spent too much money on safety at nuclear power plants and some of those funds would
have much greater results and saved more livesif spent on other, more dangerous
activities.

M AJOR ACCIDENTSAT NUCLEAR POWER PLANTS

Browns Ferry, Alabama: The Tennessee Vdley Authority operated this nuclear power
plant. In 1975, an dectrician searching for air leaks with a candle around eectric cables
wrapped in flammable insulation caught the insulaion on fire. At the time, the reactor
operator had approved of this method for finding such leaks. These cables operated the
control room and safety systems of the reactor and the fire soon rendered these
inoperable. Despite the loss of controls, the reactors were shut down eventudly. Asa
result of the damage that one candle Sarted, a new 2200 megawatt generating tation was
ggnificantly damaged and shut down. There was no damage to the reactor itself and the
danger of radiation release to the public was remote.®® Many shortcomingsin plant
operation and planning were exposed by thisincident.

Three Mileldand, Pennsylvania: The accident occurred with the plant operating at full
power when avave stuck sending primary system water into the containment structure.
The secondary system was out of service. With the loss of water, the reactor was
uncovered and partialy melted down, resulting in irreparable damage. A meltdown is
very dangerous because the molten fuel could escape through the concrete floor and
contaminate ground water.”

There were detectabl e radioactive releases from the accident.®® The radioactive releases
appeared, by most accounts, to have been of no major consequence.”® The plant released
radioactive iodine but the dose to anyone drinking water was deemed to be lessthan .2
milirem, a permissible exposure. Radioactive gases were detected but only one-quarter

of the level of permissible rdleases. Some soil samples contained small amounts of
radiation. At theindgstence of citizens, regulators placed monitors in the neighboring

town, but the relatively high level of background radiation that naturdly occursin the

area complicated readings.

The State, after recalving advice from the federal government, ordered evacuations of
pregnant women and preschool children within five miles of the plant. Many more

" Theterm “Chinasyndrome” is used to describe thiskind of incident. Theterm isaccurate asto the
direction the molten fuel heads, but the cooling effect of the ground and its ability to absorb neutrons,
quickly slows down the reaction and then halts the melt down within a couple hundred feet of the source.
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people, approximately 80,000, left voluntarily. Insurers set up atemporary office and
issued emergency checksto cover hote and medl expenses.

The 1979 mishap at Three Mile Idand nudear plant in Pennsylvania affected utilities dl
over theworld. Severd impacts were fdt immediately. Any plans for additiona nuclear
power plants were dedlt a serious, perhaps even fatal blow in the United States. Plants
that were under congtruction faced immense modifications in response to the Nuclear
Regulatory Commission. The cost for the operators skyrocketed as they faced delays and
increased outlays for congtruction.

Not surprisingly, there was tremendous fear about the ultimate health effects. No
identifiable injuries except psychologica were recorded.” Arguably, this cannot be a
final assessment because cancers may take a considerable period to develop.

Subsequent public hedth studies have supported the benign assessment, with some
exceptions. Studies were conducted after the incident to determine if there were any
increases in cancer rates or mortaity. Of the five mgor sudies that have been
undertaken, dl but one arrived a the conclusion that there were not any impacts on the
incidence of cancer.”

A lawsuit againg the utility brought by some residents who claimed injury was dismissed
and the judge found that there was insufficient factud evidence that radioactive releases
had caused harm to justify alowing the case to go forward.™

Regulators and the nudlear industry had to change fundamentaly how they thought about
sdfety after Three Mile Idand.” There was awidespread culture within the NRC and the
utilities that such an incident could not happen, which in turn probably stood in the way

of an effective response to theincident.” The accident dso showed that a combination of
freak events could occur, that those individua events in themselves were not foreseesble
and that the interaction was important and determined therisk. Prior to Three Mile
Idand, regulators and the industry thought about in a more isolated context, i.e. would
this pipe bresk or not. This thinking was reflected in the design of the control areaat
Three Mileldand. The control room had over 600 individud darms. These were useful
in tracking the performance of individud systems and very ussful if oneindividud

system developed problems. When the incident occurred, many of the darms went off,
overwheming the control room crew and leading to long delay before control room staff
could attend to any individud darm.

The complexity of anuclear generating plant is not unrivaed, chemical plants are known
to be quite complex. Utilities were unused to thet level of complexity. Fossl-fueed
plants are not as complex and if there is a problem the plant can be shut down without
much chance of an incident affecting the surrounding area.

™ The U.S. Court of Appeals and the U.S. Supreme Court upheld the decision. In a separate case, almost
2,000 people havefiled claims. This case has not yet been decided.
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Three Mile Idand, dthough it appearsto be ultimately benign in terms of impacts on
hedlth, provided a graphic illustration that accidents can happen and they can be
potentidly serious. The incident dedlt a serious blow to the public's trust in the nuclear
industry and its government regulation.”™ The vave tha had failed had mafunctioned 11
times before at other nuclear plants, yet the NRC had not taken corrective action or issued
awarning to other operators.

Chernobyl: This 1986 incident was the most catastrophic accident in the history of
nuclear power. The effects of the disaster were magnified because it was alarge plant
and had been operating along time so thet it had alarge inventory of radioactive
materias when the plant exploded and caught fire.*

Chernobyl Nuclear Plant After the Fire

Source: Nuclear Regulatory Commission

The incident occurred during atest to determine if an emergency shut down could be
conducted if off-site power was lost. The test began and within afew seconds, two
explosions shook the control room as the power rose to 120 timesiits rated capacity. The
fue rods exploded, and the cooling water flashed into steam. As the pressure from the
seam mounted, it breached the reactor structure and escaped into the environment.
Although Soviet reactors did not have a containment vessdl, the reactor was encased in
cement. The 1,000-pound dab was easly tossed aside. For thefirgt time, the letha
radioactive contents of alarge power reactor were exposed to the atmosphere. The
graphite control rods caught fire and smoldered for seven days spewing out radioactive
releases. It took 11 days to quench the fire and end radioactive releases.

¥ |t was not anuclear explosion; rather chemical explosions resulting mainly from the interactions
between steam and overheated fuel elements.
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Approximately 30 workers died quickly, most who heroicaly fought the fire. Another
severd hundred had radiation sickness. Although they recovered, they are at risk for
cancer. Officials ordered the evacuation of 135,000 people and parents sent their
children away voluntarily. The monetary costs of the incident are dso significant,
probably reaching $10 billion.”® Chernobyl contaminated approximately 50,000 square
miles”” There were isolated incidents of high radioactivity readingsin food, such as
reindeer in Scandinavia, sheep in Waes, and fish in Switzerland.

Besdes the plant workers, the only other easily identifigble mortdity is from thyroid

cancer in children. There have been 800 cases and more are expected. These cases were
avoidableif the children ingested iodine tablets.”® Although thyroid cancer islargey
treatable, there have been severdl fatdities,

The s0il in the region contains devated levels of radioactivity. Thefood chain will

remain contaminated for many years. An excluson zone was created and at least some of
the wildlife that inhabitsit has absorbed high levels of radiation. Approximately 100,000
residents were permanently relocated.

Despite the detailed knowledge of the radioactive fallout, the hedlth effects cannot be
exactly determined. Considerable nontradiation hedlth-related impacts related to anxiety
and stress have been documented by researchers.”

Researchers expect higher than normal desths from cancer for yearsto come. There were
not elevated levels of leukemiawhen a 1993 follow up was conducted.®*® Researchers
found this surprising because after Hiroshima and Nagasaki leukemia was the earliest

ggn of long-term radiation effects. Various studies contain estimates of 5,000, 14,000,
600,000, or even one million additiona deaths from cancer.®* The most common rangeis
around 10,000-50,000. Thirty-five thousand cases would mean an increase in cancer rate
of about one-half percent.?> The smaller estimates are not as large as the expected
number of cancers from coa and or the probability of dying in acar accident.

Satigticaly this devated mortdity leve will be very difficult to monitor. The affected
aress are large, containing over four billion people, of whom 700-800 million are likdy
to die of cancer even absent Chernobyl.®

The ignorance about the results of exposure to very low levels of radiation leadsto this
uncertainty about the impacts. Except for very near the plant, the dose was lower than
the background dose. The World Hedlth Organization calculated the dosage from
Chernobyl at .01 mrem for the world and .1mrem for those in Eastern Europe.

An incident such as this raises the question of could such an event happen in the United
States. Mogt andysts would not compare Chernobyl with an American plant or any other
commercid plant outside of Eastern Europe® The main differences are the lack of
containment structure, the unstable reactor design, faultsin the reactor design, and the
non-routine operation during the test.
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V. ECONOMICS

The basc economics of nuclear power were once unbelievably bright. Nuclear power
was supposed to become too chegp to meter according to Atomic Energy Commission
(AEC) Chairman Lewis Strauss.%%

1968 AEC Forecast of Declining Electricity Prices
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Chairman Strauss remarks were gppeding but were wishful thinking, unsupported by
scholarly work. At the time, there were avariety of Sudies that raised some questions
about nuclear power, not that it wouldn't work, but about the cost and whether it could
compete with foss| fues®”

Nuclear power never lived up to its promise. In fact, the nuclear industry became what
Forbes Magazine caled in 1985, “... the largest managerid disaster in business history.”®

Today nuclear power seems to rest between those two pronouncements. Currently itis
producing dectricity very chegply, dthough that cost ignores the construction codts of a
plant. If the high congtruction costs are included, nuclear-produced dectricity is not
economic. Nuclear power has been especialy vauable during the last 18 monthsin
Californiawhere it has been ardiable and inexpensive source of dectricity.

85 The forecast contained in this logarithmic graph is for electricity prices of approximately five mills per
kilowatt-hour or .5 centsin the period 2000 to 2020. For the year 2000, California utilities earned alittle
lessthan 11 cents per kilowatt-hour or slightly over 100 mills. Inflation adjustment doeslittle to bridge the
gap between the forecast and the actual recorded prices.
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Nuclear power plantsrequire a significant capital investment, more so than other
electrical generating stations. To illugtrate the complexity, a Vice Presdent of Duke
offered the following: “These are more complex plants. Inabig cod plant, you would
have no more than 200 critical pipe hangers”™™ In anuclear plant you need 30,000.”%°

Utilities were not deterred by the large capitd costs. With traditiona rate of return
regulaion of utilities, they had an incentive to favor projects with large capital codts.
Utilities earned arate of return on invested capitd and not on labor and materids. They
were not overly concerned with the financid risks as their experience was thet they
would be able to put nearly al of the congtruction costs into the rate base. Thet ability to
pass the costs onto ratepayers began to change after 1974, when dectricity cogsin
generd and nuclear reactor construction costs in particular beganto escalate® Public
Utilities Commissions (PUCs) were reluctant to approve actions that would dramatically
increase consumer electricity rates.

Cost overruns actually began before the 1970s, although they grew dramatically during

that period. Cogt overrunsled to plants costing 6-8 times more than planned and many
times more than plants that had aready been congtructed. A reactor built in the early
1970s cost gpproximately $170 million. By 1983, the plant probably would have cost
$1.7 billion, if the utility was lucky. When adjusted for inflation in today’ s dollars, the
cost is about $3 hillion. Later plants were costing well over $6 billion (in 2002 $). Those
involved in the debate point to the following reasons for the cost escalation:

Utility mismanagement. This factor seemsto get the lion’s share of the blame
from nuclear power’ s friends and foes dike.*

Anti-nuclear opposition, which dowed licensing and approvas.

Beginning congtruction with incomplete desgns, which in some instances were
changed radically before the plant was compl eted.

The changes that were brought about by the meltdown at Three Mile Idand.
Significant changes were made in the designs of power plants that were then
under congtruction. A plant could have been 70-percent complete and then after
some regulatory changes, it became a 30-percent complete plant.

More specificaly, Forbes Magazine maintained in a 1985 article that nuclear power was
killed, like the antagonist in Murder on the Orient Express, by many. Forbeslaysthe
chief blame, not on the enemies of nuclear power, buit its friends™

The federd government and NRC, which botched the day-to-day management
and dso faled to congder how its regulations would impact costs.

Equipment manufacturers who did not take safety considerations and public
concerns serioudy enough. They sold the plants as if nuclear generation was a
meature technology when in fact it was rgpidly evolving.

""" A pipe hanger is simply abracket, clip, ring, or loop used to suspend pipes on ceilings or beams.
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Contractors who demanded cost plus contracts and did not question the impacts of
design changes. Contractors aso rigged bids and intimidated qudity control
inspectors.

Utility executives who ignored costs believing that public utility commissions

would bail them out.

State Public Utility Commissions (PUCs) whose “grosdy inadequate oversight of
the schemes, ambitions and monstrous expenditures for nuclear projects made it
easier for al of the above to betray consumers and investors dike.” %

Chart 9
Nuclear Power Plant Orders
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While examples of congtruction mismanagement abound, a notable oneisfrom
Cdifornia®

Construction began on Diablo Canyon in 1968 when the project was estimated at
$320 million ($1.5 hillion adjusted for inflation to 2002) with a completion date
of 1976.

In 1976, the completion cost had grown to $1 billion ($3 billion in $2002).

The Nuclear Regulatory Commission then ordered are-design to take into
account the Hoggri earthquake fault; the project then became a $2 hillion reactor.

Costs ballooned more with the discovery of anumber of design errors and
inaccurate reading of plans. Upon completion, that plant cost gpproximately $5.5
billion ($9.9 billion in $2002) when the plant was completed in the mid 1980s. It
isamong the most expensgive nuclear generating stations ever congructed.
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Because of large capitd cogts, congtructing a nuclear power plant is tremendoudy
sendtiveto interest rates. In addition, inflation sgnificantly affects the cost both through
cost increases when the plant is being built and the effect of inflation on the interest rates.
If aplant costs $1 billion to congtruct that cost can increase markedly with any ddays. If
regulators delay licensing the plant for two years, the $1 billion plant can become a$1.2
billion plant because of interest costs done. ™"

Another economic factor, and an important one, that affected the plans of nuclear plant
operators was the dowing of dectricity demand growth. The nuclear plants were being
planned and congtructed a a time when the rapid increase in eectricity prices and the
dowing economy was playing havoc with demand. Electricity consumption had been
increasing a a seven percent annua growth rate, meaning it doubled every ten years. As
it dowed to an annual rate of as small as one percent, it means that consumption doubles
every 70 years.

The combination of cost escalation and slowing growth mortally wounded nuclear
power, at least until recently. Theindustry’s fate was seded when fossl fud prices
began to decline. Demand growth did not pick up but the economics of fossI-fuded
plants had improved markedly. These factors forced utilities throughout the world to
canced plants because of dowing demand growth for eectricity and declining fossil-fud
prices.®®

Chart 10
Cancellations
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Despite the cancdlation, utilities still had a number of plants under congtruction. The
risng costs were beginning to impact ratepayers. Under the rate of return regulation that

T Aninterest rate of ten percent was used in this simple example.
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dominated at that time, state PUCs approved the projects and committed the ratepayers to
paying the costs of congtruction. This regulatory scheme protected the utilities from

some of theinvestment risk. The utilities, of course, were subject to reviews examining
whether the costs incurred were prudent. As the costs of nuclear power soared, these
prudency reviews became more important and PUCs began disallowing some of the cogts
from being passed onto ratepayers. Utilities investment risk grew as shareholders had to
pay when costs were excluded from rates.

While the PUCs disallowed sgnificant amounts for the investor-owned utilities, the costs
that went into a rate base became a problem for ratepayers and public utilities
commissons. Asthese large costs went into the rate base, eectricity prices increased.
When dates, including Cdlifornia, reduced regulation in the eectricity market, these so-
caled “stranded costs’ became athorny problem. Stranded costs were the costs
incorporated into the rate base from building what had become uneconomic facilities.
Nationwide, nuclear power comprised about one-third of the $200 billion in stranded
costs.”®

Utilities must also plan for decommissioning costs. Utilities must decommission a
nuclear plant when the plant reaches the end of its useful life. Those opposed to nuclear
power point out the high decommissioning costs and claim, that “I1t may cost as much to
decommission a plant as build one.”*’

Decommissioning, as with any other large obligation or debt that a publicly traded
company has, must be funded over the life of the asset. Regulated utilities accumulate
funds to pay the decommissioning cods over the economic life of the plant. Utilities
have decommissoned severd plantsin the United States. The Fort . Vrain Nuclear
Generating Station in Colorado was the first commercia plant a utility decommissioned.
Decommissioning of this unit began in 1990 and ended in 1996 at a cost of $188
million.*® Many more have been decommissioned around the world. Costs are now
estimated a $325 million per reactor.”®

Decommissioning requires dl equipment and buildings be removed or decontaminated.
Eventudly, the regulations require that the Site' s radioactivity cannot exceed the natura
level. Thegod of theregulatorsis have the Site so clean that entry does not have to be
monitored. The amount of time necessary for the various stages of decommissioning can

vay.

While the nuclear industry labors under the disadvantage of high capital costs, they
enjoy an advantage in operating costs. Whilethe capital costs of a nuclear plant are
large compared to afossi-fueed plant, fud codt for the nuclear plant islower. The
operating costs, as aresult, are low aslong as the plant isworking well. Unlike fossil-

fueled plants, anuclear power plant’s eectricity production costs do not vary

significantly with fud prices.

Uranium ores are widespread so that producers don’t enjoy significant market power.
The following table shows that reserves of uranium are widespread. This reducesthe
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chance of asdler's oligopoly that influences prices, like that of the Organization of
Petroleum Exporting Countries (OPEC) for crude oil.

A government interested in reducing further the vulnerability of uranium to supply
disruptions could easlly establish a drategic reserve. Pound for pound, uranium fuel
produces 130,000 times more energy than cod. Given its energy intensity and ease of
storage, government or industry could establish areserve that would last many years

relatively chegply and smply.

The United States supplies almost 40 percent of itsown fuel. The remainder is
purchased abroad. The quantity demanded by U.S. reactor operatorsis projected to
remain steady through this decade.*®

The estimated reserves in the following table represent gpproximately 50 years of supply
at current price levels'®* Another industry organization, the World Energy Congress has
asmilar estimate of supply.*®> Higher prices, further exploration, and technological
change will, as with other nonrenewable resources, increase the supply. At this point,
energy andydts estimate that the world' s supply of uranium appears to be on the order of
fossl fuds'® Speculating about the supply over avery long period is difficult between
the uncertainty of increased demand, liquidation of military stockpiles, and the
economics of both reprocessing and the breeder reactor. The breeder reactor could
increase the fud supply by 40 or 50 times, meaning thousands of years of fud would be
avallable at current consumption.

Table 3
Known Recover able Resour ces* of Uranium
Per centage

Country Tons U3Og of World
Audrdia 889,000 27%
Kazakhstan 558,000 17%
Canada 511,000 15%
South Africa 354,000 11%
Namibia 256,000 8%
Brazil 232,000 7%
Russian Fed. 157,000 5%
USA 125,000 4%
Uzbekistan 125,000 4%
World tota 3,340,000

Source: OECD NEA and IAEA.

Note: * Reasonably Assured Resources plus Estimated Additional Resources- category
1, to US$ 80/kg U, 1/1/99. Brazil, Kazakhstan, and Russian figures above are 75% of in
Situ totals.

Theindustry originally had trouble obtaining insurance. Insurance companies were
understandably reluctant to underwrite insurance for nuclear power plants. They did not
have any history with nuclear power, so they did not have information for underwriting
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purposes. The nature and extent of persona injuries would probably not be known for
many years after an incident, complicating the paying of dams. The smdl number of
plants meant that there were few available to pay the premiums and little ability to reduce
risk with alarge pool of insured. Insurers faced a Stuation where the potentia lossesin
an accident, however unlikely the accident might be, exceeded the exposure they wanted
to any type of hazard. Theinsurers concerns were exacerbated when the federal report
released areport saying that liability cdlaims could reach $7 billion after an accident.**
(Thiswas during the 1950s). The lack of insurance led utilities to threaten abandoning
their projects.'®

The Federa government responded by passing the Price- Anderson Act in 1957. The
Price- Anderson Act creates funding, currently approximatdy $9 hillion, which is
availableto pay dams. The funds are available from a combination of sources. The
individuad plant operator must provide aprimary lay of insurance of financid security of
$200 million. For damages exceeding that there is an industry pool funded by a premium
of gpproximately $80 million paid by each plant operator.** In short, the federal
government would go to each utility after an accident and demand fundsto pay for any
damages. The amount of totd insurance avallable varies by the number of licensed
reactors. These premiums are retrospective and the plant operator must provide
insurance to cover those premiums should paying them be necessary. Utilities have no
additiond finendid liability.

Covered damages include degath, persona injury, and loss of or damage to property. The
insurance will pay the costs of damages caused by a precautionary evacuation and the
response costs of local governments. Insurance paid about $25 million for evacuation at
Three Mile Idand.

The Price-Anderson Act has been amended severa times sinceits passage.’®® Theact is
scheduled for reauthorization before August 1, 2002. Regardless, existing plants would
continue to operate under the current Price- Anderson system.

The insurance mechanism does not cover all possible damages. The Presdent is
authorized to provide to Congress a plan should damages exceed the amount of the
insurance and pool. Congress may then authorize payment for any additiona damages,
the costs of which would be borne by taxpayers.

Theinsurance shortfal from possible damages is not unusud for large industria

ventures. Mogt large indugtrid enterprises smply cannot obtain adequate insurance to
cover dl possbilities. For example, the Exxon Vadez oil spill led to damages on the
order of $3-4 billion. Exxon had insurance, but it did not have adequate pollution
insurance to cover these damages and such a policy smply was not available. Exxon hed
the financid ability to pay the damages, but alarger and/or more expensive spill would
have exhausted even Exxon’simmense resources. Many shipping companies Smply do
not have anywhere near the resources of Exxon and state and federa funds would have to
be used in the event of such alarge saill.

 The premiums are adjusted every five yearsto reflect the changes in the consumer price index.
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Opponents of nuclear power argue that this liability cap protects the industry from the
consequences of the most severe possible accidents. Arguably, that istrue, but itisnot a
Stuation that is unique to the nuclear power industry.

There iswidespread disagreement on the possible external costs and benefits
(externalities) of nuclear power. Externd costs and benefits are costs or benefits that the
producer of electricity from nuclear power does not have to pay, but society asawhole
doespay. Anexample of acost would be any harmful effects from radiation discharges

that are borne by the individua with no compensation or pendties being paid by the

emitter of theradiation. The externa costs would include any environmenta impacts.

One view isthat the externd cogts are rlaively small, especidly when compared to
fosdl fuds. Thiswasthefinding in arecent sudy done by the Nuclear Energy Agency
of the Organization of Economic Cooperation and Development (OECD).**” The study
found a nuclear plant poses only aminimal threet to public safety and that there are large
externd costs from foss| fuel emissons, especidly those from cod. The report found
that the socia cogts of nuclear power were less than for fossl fuels and were certainly a
very smdl part of the direct generation cogts. Even for cod and petroleum, the socidl
costs were asmdl part of generation costs.

The report does acknowledge thet there is the possibility of amgor accident and that
could entail alarger socid cost.'® They discounted this in their economic andysis as
being too remote to even consider, for example, they assumed that a core melt down
would occur about once every million to ten million reactor years. Even with an
assumption thet the probabilities were sgnificantly larger, the overdl costs were il
gmall. They assumed that a melt down would occur once in 100,000 reactor years and
such amelt down led to a Chernobyl-size accident occurring. They estimated that cost of
such an incident at about $200 billion. However, when this large totd is amortized over
dl reactors and dl of the operating period, the costs are only about $2 million per year
per reactor. That total amounts to about one percent of the eectricity cod, leaving socid
cods il small.**®

An dternative view isthat the socia costs are much higher.**® One crucid differencein
these arguments is the assgnment of probabilities and impacts of a nuclear disaster.
Socid costs can be increased if a sufficiently large incident is andyzed, but the question
remains as to the probability of that incident. Ancther differenceishow sunk cosis are
treeted. The cited andyssthat argues for higher costs does include sunk costs, which
aren't economicdly relevant any longer. These sunk costs include research and
development and various other government subsidies that have aready been paid to the
nuclear indudtry.

One item that critics frequently point to as asocia cost of subsidy isthe waste disposa.
Currently, industry (and through them ratepayers) are paying the costs of disposd. The
federd government has collected over $18 hillion to pay for the costs of a permanent
waste disposal program.

42 California Research Bureau, California State Library



V. NUCLEAR WASTE DISPOSAL

Nuclear wastes are radioactive and so long-lived that very specid arrangements must be
made for disposal. Concern about their proper disposd is one of the most controversia

aspects of nuclear power. The focus and controversy are about high-level wastes, which
are the minority of waste from a reactor but comprises the mgjority of the radioactivity.***

The waste is generated when utilities remove the spent fudl. The spent fud rods are very
hot and contain both remaining radioactive fue and other highly radioactive fisson
products. The plant operator must shield the rods with water by placing them in tanks or
ponds at the reactor Stes. Industry has to maintain control and is responsible for storage
until the findl disposal site can be arranged. In the United States, utilities store al spent
fue temporarily at reactor sites. No permanent depository for high-level wastes exigts.
Industry argues that the management of wastes has been very successful. They report
that there have not been any releases that have had adverse impacts and the costs are
interndized.** Despite their daims of success, their remains significant concerns of

long-term disposdl.

The digposed materia will be radioactive for avery long period, with some isotopes
having hdf-lives of thousands of years.s®® Other isotopes, those that are the most highly
radioactive, have shorter half-lives. Despite the long hdf-lives of some isotopes, the
overd| radiation intensity of nuclear waste declines more quickly. Ninety-nine percent of
itsradioactive intengity islost in 600 years, after 1,000 years, the waste is no more
radioactive than naturaly occurring uranium ore. Proponents of nuclear power argue that
taking care of waste for this period, is not an unprecedented activity in the realm of
human experience. They point to the continuing custody and maintenance of such
buildings as the Pantheon or Notre Dame.

858 A half-lifeisthe period required for the radiation intensity to decline by half. If an isotope has a half-
life of five years, after five yearsthe intensity has declined by 50 percent. After ten years, two half lives,
the radioactive intensity is now one-fourth of itsinitial level. After ten half lives, theradiation level is
reduced to one-thousandth of itsoriginal level.
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Source: Uranium Information Centre

The volume of wagte isrelatively modest, about three cubic meters per year after
“vitrification.” That represents about 25-30 tons of spent fuel for the standard 1,000-
megawatt reactor. Vitrification isthe drying of the waste, which is then processed into
glass. The processor then poursthe glassinto specid danless sted canigters. Thesein
turn are stored to reduce the radioactivity before fina digposa probably some tens of
years after being removed from the reactor.

Although the volumes of waste are relatively small, they have been building for years.
There are approximately 41,000 metric tons awaiting disposal in the United States and
that figure grows by about 2,000 metric tons per year. Operators store thisin temporary
fadlities

The United States and many other countries are examining geologic disposal asthe
long-term solution to the disposal of high-level nuclear waste. Geologic disposa
sequesters the waste where it cannot travel and where water cannot enter the Site.
Obvioudy, society needs a high degree of assurance that thiswill not require oversight,

but will till be a permanent solution. Before such disposd, the waste must be in agtable
form. Once the waste is stabilized, it needs to be placed in corrosion resistance canisters

of stainless sted or copper to make it ready for geologica isolation. The canisters will
corrode over time dowly releasing the contents. Idedlly, the release will occur itsdlf over
along enough period o that radioactivity has declined. Since the canigters will

eventualy release their contents, long-term disposal requires a stable geologic Site.
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Fud is not the only source of high-level waste. The structural materiadsin the core of an
operating reactor become radioactive over time and when the reactor is decommissioned
it must be dismantled and disposed of properly.

The federal government’s current plan isto ship high-level waste from over 100 reactors
al over the country to asingle repository. Plant operatorswill ship the wastesin
specidly designed casks to minimize the possibility of spillage. The Department of
Energy conducted a 1996 survey that listed some 72 trangportation incidents involving
soent nucdlear fud.*** The report did not list any radiation-related injuries or deaths.
Some accidents have resulted in smdl leaks of radiation. According to industry sources,
there has not been any radiation-related injuries or death.*'* Since nearly dl of the
radioactive materid is solid, the chances of a catastrophic release are reduced, athough
certainly not diminated. A nuclear reactor produces about five tractor-trailer truckloads
during ayear. Following isamap showing likely transportation routes and the associated
volumes within Cdifornia

Map 3
Nuclear Waste Transportation Routes
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The potentid problems that must be surmounted in waste storage are significant. Critics
of geologic digposal doubt that these can ever be successfully met for the required period.
Following are some concerns.

The waste could start a nuclear chain reaction. Thiswould lead to alow-power
explosion sufficient to potentidly spread radioactive materid.

The wastes themsalves are contaminated with other non-radioactive toxic wastes,
hence any release poses additional health and safety impacts beyond the rel ease of
radiation.

Since asmdl amount of the waste products could be used for constructing a
nuclesar weapon, geologica disposa is creating a future mine for weapons.

Nuclear waste requires agreet ded of specia handling. Besidesits radioactivity,
it creates an immense amount of heat and some isotopeswill burst spontaneoudy
into flames when exposed to air.

These concerns are especially Sgnificant given high-leved wagte will be
trangported from al over the country to asingle repository.

The Nationd Research Council just completed areport on disposition of high-level waste
and spent nudlear fudl.**> Their main findings on thisissue are:**®

The growing volume of high-level waste requires atention. They point out that
the volumes are exceeding the interim torage facilities.

There are two safe and feasible options; monitored storage on or near the earth’s
surface or geological dispogition. Their cavest about thisfinding is that those
responsible must be willing and able to devote adequate resources to maintain the
dorage fadilities and that it is uncertain if future generations will be willing or
ableto.

They do not believe there are scientific or technical obstacles to geological
disposal. The National Research Council believes that these facilities are much
less hazardous and less complex than others built and maintained by our society.

Reprocessing reduces waste to about 3 percent of what it could be. If thefud is
reprocessed, the radioactivity declinesto that of coal ashin 400 years.'” Although along
period, thisis a shorter time frame than without reprocessing. The United Kingdom,
Germany, Japan, and France all reprocess spent fuel. The United States does not
reprocess therefore, it treets the whole fud assembly as waste creeting a substantially
larger volume. Because reprocessing creates plutonium, athough not of atype optima

for weapons, the United States eiminated reprocessng for reasons of nonproliferation
(seethe hedlth and safety section). The dow progress on waste disposa and the
continued debate is reported to have increased Congressional support for reprocessing. '

Nuclear power plant operations also create low-level waste. Thelarge volume of low
level waste produced by nuclear power is much easier to handle and does require more
care than household garbage. Besides the nuclear power industry, low-level wastes come
from hospitds, universities, and industry. 1t may beincinerated or buried.
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High-Leve Waste Storage Tanks

Waste Disposal in the United States

Congress enacted the Nuclear Waste Policy Act of 1982. The law directs that those who
produce the waste should pay for its proper disposa. Since the legidation's enactment,
utilities, and through them ratepayers, have paid a waste fee with every unit of nuclear
power that is generated.

The law dictated that a Ste in awestern state be selected for permanent geologic disposal.
After saverd years of searching and growing concern and resistance among the states that
contained candidate Sites, further legidation was enacted in 1987 limiting the search to
YuccaMountain in Nevada. The legidation also required of amonitored retrievable
sorage facility. The project is behind its legidatively mandated time schedule. The 1987
amendments required the Secretary of Energy begin accepting and disposing of spent
nuclear fuel no later than January 31, 1998.

Industry has paid Department of Energy (DOE) approximately $18 hillion, induding
interest, for taking possession of the waste and storing it. At least one congressiond
witness estimated that DOE could not be accepting waste until 2015.*° By legidation,
the industry was required to sgn an agreement with DOE and DOE agreed to take the
waste by 1998.

Utilities have filed ten cases, seeking damages totaling $8.5 hillion with the estimated
lighility dimbing to as much as $40 to $80 hillion.*?® The utilities are forced to store the
waste at their own expense and smultaneoudy pay DOE. Because reactors were all
designed assuming waste would be stored for short periods before being moved off-gte,
the storage facilities are smdl. Expanding them can be somewnhat costly athough the
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larger risk is public opposition and resulting regulatory delays or even lack of approvd,
which could lead to plant shutdown. Since these temporary sites were not designed for
long-term storage, the risks of an accident, not to mention sabotage, increase with time
and volume,

One option isinterim storage a Y ucca Mountain or esawhere. This position was
opposed by President Clinton’s administration.***  Environmental organizations and
Nevada paliticians remain adamantly opposed to this option just as they are opposed to
the permanent solution. The opponents argue that it increases risk by increasing
transportation and interim could become permanent, so nobody wants to host an interim
ste.

Y ucca Mountain

Source: U.S. Department of Energy

The Skull Valey Band of Goshutes in Utah isin negatiation over a possible temporary
centrdized storage facility.**? Because of their sovereign status, they argue that they do
not need state approval. However, the State of Utah has threatened litigation if this
project receives regulatory approval.

DOE has been working solely on the Y ucca Mountain dternative since the 1987
amendments. The Environmenta Protection Agency released public health and
environmenta radiation protection standards in June 2001. The DOE must meet these
standards as they design and operate the Y ucca Mountain facility.

The Secretary of Energy has recommended Y ucca Mountain to the President as the
repogitory Ste for highly radioactive materials. The President agreed with this choice and
recommended the site to Congress. According to the Nuclear Waste Policy Act, the Sate
of Nevada then has 60 days to submit a notice of disgpprova to Congress, which the sate
has done. The disapproval can be reversed if Congress passes ajoint resolution for
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repostory sting gpprovd. |If the president Sgnsthisjoint resolution into law, the dteis
approved.

The current prospects for congressiona approva are not good. Mgority Leader Tom
Daschle told reportersin Las Vegas that, with respect to the Y ucca Mountain project:
“Aslong aswerein the mgority, itsdead.” Former Senate Energy and Natural
Resources Committee chairman (now ranking member) Frank Murkowski (R-AK)
expressed Smilar sentiments.**

Other countries are wrestling with the same waste disposal problems. Canadais
establishing an organization composed of al operators. Their objective is degp

geologica disposal.

Despite the widespread public acceptance of nuclear power, waste disposal has been very
controversa in France. There was widespread opposition to long-term waste disposal.
Eventudly the government changed their gpproach. They abandoned long-term disposal
and moved to stocking centers. According to officids the name and the policy impliesa
commitment that they are not trying to bury and forget the waste, but that authorities will
continue to be responsible** Germany has identified a site for long-term geologic
disposd. Other countries are evauating different options for geologica disposd.
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VI. REGULATION OF NUCLEAR POWER

Theregulation of nuclear power has undergone a dramatic change since itsinception.
After World War 11, the United States wanted to maintain the world leadership in nuclear
technology and demondirate the benefit of peaceful aomic energy. Theorigind

regulatory agency, the Atomic Energy Commission (AEC), began as an advocate for

nuclear power. The cold war and the country’ s desire to maintain technology superiority

added urgency to the program.*? I the AEC was perceived as moving too dowly the

Joint Committee on Atomic Energy did not hesitate to gpply pressure.

In the early days, the AEC approached safety much differently than it is approached
today.*?® The AEC approved a safe design, based on its judgment, but they had not
attempted to research or quantify fully the possibilities and probabilities of accidents at
nuclear power plants. Over time, safety became alarger and larger concern of nuclear

power regulation.

The AEC came under criticism over itsdua role as advocate and regulator.*?” The result
was the passage in 1974 of the Energy Reorganization Act with the research and
development functions being placed in the Energy Research and Devel opment
Adminidration, later to be part of the Department of Energy. The regulatory functions
were placed in anew agency, the Nuclear Regulatory Commission (NRC).

The Three Mile lsland (TMI) reactor accident exposed many flaws in the operation
and regulation of nuclear power. The NRC began placing greater importance on the
human factor in plant performance’?® The NRC adapted many of the techniques of a
successful nuclear power entity, the United States Navy. It developed new requirements
for operator training, testing, and licensing and shift scheduling and overtime. It

promoted the increased use of simulators and the assessment of control rooms and
instruments and beefed up its own resident inspector program to at least two a each Site.
The NRC a0 tightened their radiation standards.

TMI increased the NRC's and the industry’ s concerns for safety. NRC' s god isthat
nuclear power plant operation should not lead to any individua bearing sSgnificant
additiond risk to life and hedlth, including both operators and members of the public.**
In particular, nuclear power should not be any more risky than other sources of
eectricity.

TMI gave emergency planning a major boost. Prior to TMI, emergency planning was a
lower priority.*** Not that the regulators did not consider safety considerations such as
gting plantsin alow-population zone, but most of the effort wasin adopting safety

operation and procedures that would prevent an accident from ever happening. After

TMI, Congress enacted legidation to place more importance on emergency planning

(1980 NRC Authorization Act (PL 96-295)). The Federd Emergency Management
Agency (FEMA) was established shortly after TMI and was directed to support NRC.
FEMA isrespongble for ensuring that state and loca communities develop emergency
preparedness plans to address the off- site impacts of anuclear emergency.
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Since 1980 each utility that owns a commercid nuclear power plant has been required to
have both on-gte and off-site emergency response plans. These must be gpproved by the
NRC and coordinated with FEMA. Cooperation with state and local government
officidsisrequired. The plant must identify evacuation routes and reception centers for
those seeking monitoring and the location of temporary lodging. Enhanced planning is
done for residents within ten miles of a plant adthough the planning must address aradius
of 50 miles from the plants.

The NRC seesitself as moving from a traditional regulatory approach. NRC now
monitors performance indicators at nuclear power plants, rather than the more specific
details of plant operation. Industry had complained that regulation was inflexible. Under
the new approach, the NRC 4till has resdent inspectors. The NRC is conducting studies
to identify important risk factors that bear oversight. The Union of Concerned Scientists,
awatchdog group, does not believe these studies are adequate, however.*3*

Industry argues their long-standing concerns need to be resolved if nuclear isto remain
competitive. Thefirgt isgpprova of asandardized design. In addition, industry wants a
predictable licensing process that resolves design, safety, and Siting issues before a
subsgtantid investment ismade. Specifically industry did not want to have mid-
construction design changes. In addition, they wanted the gpprova process streamlined,
with the issuance of only onelicense. Higtoricdly, licensng has been atwo-stage
process, one for construction and one for operation. The Energy Policy Act of 1992
largdy implemented the indudiry's licensing godls, dthough the proof will bein the
implementation. Industry is aso concerned by the NRC budget itsdf sinceit is supported
by user charges.** Thisisaconcern shared by the Union of Concerned Scientists (UCS),
athough they believe that the NRC needs additional resources.*

In an attempt to ease licensing, the NRC has looked at a variety of new technologies and
licensed three. These plants are approved in generd and can be licensed anywhere in the
United States. Under federd law, dl safety issues have been resolved and will not be
open to chdlenge during the licensing of any particular plant. A single license will be
issued to construct and operate the plant. The NRC grants 40 years with a possible 20-
year extension.

The NRC recelves ample criticism. The Union of Concern Scientists and Generd
Accounting offices both have many reports that list what they see as regulatory failures.
Some of the topicsthat critics clam are not adequately addressed include:

The safety probability studies do not take into consideration al of the possble
mishaps that can occur.***
NRC may now or may soon lack adequate staff to ensure that the main safety

goals of operators are met.”** The NRC has a significant cohort of skilled
technical people who are &t retirement age.

The NRC has not adequately addressed overtime and staffing problemsin the
commercid nuclear power industry. The argument of the Union of Concern
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Scientigtsis that increased competition in the industry has led to elevated patterns
of overtime and that is threatening safety at nuclear reactors.®

The NRC used to have more stringent security testing measures,” ™" but has since
relaxed those.**’ Criticsraised the specter of aterrorist driving atruck bomb into
the plant.

The NRC is not taking the possihility of accidents serious enough. Critics
acknowledge that there has been sgnificant improvement in reactor safety,
especidly with regards to emergency response and training. Nevertheless, they
warn of complacency.**®

Inadequate attention is paid to plants, especialy those with safety problems. The
GAO looked at three plants that were closed down by their operators because of
safety violations'* Restarting the plants would have required NRC approva and
the operators decided restarting was too expensve. GAO's main finding was that
NRC knew about the great mgority of the safety violations for along period prior
to the shutting down of the plants. They raised the question of why these plants
were dlowed to continue operating.

One of the NRC’s major regulatory activitiesis re-licensing of existing plants. NRC re-
licensed the firgt plant in March 2000 and has granted more extensions and some are

pending. Again, the Union of Concerned Scientists have raised concerns.*® They do not
believe that the NRC is putting enough resources into ensuring that the “ aging

management” programs of operators are adequate. These aging management programs

are necessary because of the increased vulnerability of certain systems as reactors age.

The Environmenta Protection Agency has arole in nuclear regulation. They must
promulgate standards for environmental protection from radiation releases. NRC and
DOE regulate to meet these standards for waste management, disposa, and containment.

California and the Federal government have clashed over their respective roles. The
Atomic Energy Act of 1954 established, and later amendments have confirmed this, that

the federal government possesses preemptive authority to regulate radiation hazards
associated with the development and use of atomic energy. Although the federd

preemption is not in dispute, the question is how much and what resdud authority isleft

to the states. This dispute ended up in the Supreme Court, which held that thereisa

strong federa preemption over safety, but the state was left with economic regulation.

Cdlifornia ended up in the Supreme Court because of severa statutes enacted by the
Legidature. Theselaws were enacted in the middle of the campaign over the anti- nuclear
initiative, Propogtion 15 of 1976. Cdifornia enacted three laws governing nuclear
power. These statutes prevent the California Energy Commission from gpproving the
gting and congtruction of anuclear power plant until these specified conditions are met:

""" This critique was written prior to the September 11 terrorist attack and almost certainly that will lead to
changesin security procedures.
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The Commission must find that the U.S. has ademonstrated means or technology
for the disposal of high-level nuclear waste and report its findings to the
Legidaure. Itisan goprova of atechnology, not afacility.**

The Commisson must find thet there is afacility and atechnology thet will
reprocess nuclear fue rods.**? Offsite storage can be a subdtitute. The god isto
prevent a Stuation where afacility is built and must sore its own fud rods and
run the risk of having to shut down or reduce operations because of inadequate
storage.

The Energy Commission completes a study on the under grounding and berm
containment of reactors.*** The Commission completed the study and the section
was subsequently repesled.

Almogt immediately, PG& E filed alawsuit arguing that the state actions were preempted
by the Atomic Energy Act of 1954. The case eventudly found itself &t the Supreme
Court of the United States.**> The court affirmed the federd preemption over dl safety
issues and said specificdly that the state cannot reject a plant because it thinksit isnt
safe. However, the court upheld these statutes as applying to those areas that the states
aretraditiondly involved in, land use, economics, need, and reliahility, that isthe
traditional areas of ratemaking that isthe prerogative of the state. The court held that the
Atomic Energy Act left these concerns with the Sate just as the State has Smilar power
over any other generating plants. As such these laws are designed to protect ratepayers
from the economics of nuclear power, they are not safety issues per se. Thelack of a
means for waste digposa could threaten the economic viability of a nuclear power plant.

The court’ s decision effectively granted the state authority to stop nuclear development.
Other gatesincluding at least Alaska, Connecticut, Hawaii, Maine, Massachusstts,
Montana, Oregon, Rhode Idand, and Vermont al have enacted smilar laws that
effectively block nuclear power.

Decisgon was based, in part, that aregulated utility is by nature a different entity and is
subject to a state regulatory scheme. The court found that the state could exercise their
traditiona authority over economic questions such as ratemaking and plant-need
guestions.”*#¢ If the court was content to leave the decision to the state regulatory
commission, presumably because of the need to protect ratepayers, would they arrive at a
gmilar decison when anon-regulating generating company owned the nuclear power
plant and then the shareholders, rather than ratepayers would be on the hook for |osses?
The rationde for the legidature was a“ clearly expressed desire to protect the rate-paying
consumer from a possible overly-expensive energy genertion dternative”**’ De-
regulation has weakened Cdlifornias authority over such projects. Under rate regulaion
the state could look at the rates, how much capita should be invested, the appropriate
return, and if operating expenses may be recovered from ratepayers.

In other areas of the code, there is strong support for nuclear energy. Section 800 of the
Public Resources Code has alegidative declaration of policy to encourage the use of
nuclear energy, geothermal resources, and such other energy sources as are currently
under development. The purpose is to promote clean air and conserve fossi| fuels.
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CONCLUSION

This report has attempted to lay out the risks and benefits that are involved in nuclear
power. Itisclear that nuclear offers some benefits and risks. Technology and the
operating abilities have advanced nuclear power so thereis a reasonable possibility that
the plethora of mistakes that have hobbled it would not be repeated. It isaso clear that
some will read the report and conclude that nuclear power plants should not be built in
the future and others will conclude the opposite.

A crucid part of this debate is one's views on the economics of renewables. Some argue
that solar is cost-competitive in the long-term and that is a desired energy path for
reducing globad warming.**® Other arguments against nuclear are that it is actudly much
less efficient in displacing carbon dioxide on adallar for dollar basis than investmentsin
enargy efficiency.™*® Specificdly this argument isthat adollar invested in energy
efficiency saves saven times as much carbon dioxide as that invested in nuclear power.
The arguments point out that athough nuclear power releases much less carbon dioxide
than other therma power plants, the mining, congtruction, fud enrichment and
manufacturing process al release carbon dioxide.

A word of caution isin order about such caculations and assumptions about energy
efficiency and conservation.

It is one thing to suggest agiven leve of efficiency iseconomicd but individud
economic decison makers actually make those decisons. What seems
economica in the andys’ s office may not be to the individua firm or consumer.
Researchers make assumptions about energy consumers’ reaction to energy
prices, forecasts of future energy prices, interest rates, and uncertainty. An
example of thisis fluorescent light bulbs. They are much cheaper to operate
athough more expendve to purchase. Energy conservetion advocates argue they
are economical and should be used more. Nevertheless, incandescent bulbs
reman much more popular.

Much of the conservation and efficiency that took place in the late 1970s and into
the 1980s was spurred by higher prices and the forecast of till higher prices. To
meatch that leve of conservation and increased efficiency would be best
gimulated by a very sgnificant increasein energy prices. If those were to occur,
through either market events or tax policies, they would have a tremendous
impact on the economy.

Critics of nuclear power point to the high costs of constructing nuclear power
plants. If they are correct that new plants would cost the same amount, then it is
highly unlikely thet a nuclear power plant would ever again be built in this

country, especidly given the de-regulation that has occurred in the generation of
electricity. No operator would ever intend to build another plant at that high price
especidly when they would have to bear the burden as opposed to ratepayers.

Another cautionary note is that these analyses don't seem to take into account the
historic rebound from conservation. For example, after the fleet economy
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standards were adopted and more fuel-efficient cars became widespread, driving,
hence energy use, began to grow. With afud-€efficient car, driving isless

expendve, o more will be done.

The arguments againgt nuclear power tend to be rather absolute. For example,
nuclear power can't reverse carbon dioxide emissons done. That does not mean
that it could not help, when combined with conservation.

In summary, it is not clear if nuclear power is necessary to reduce carbon dioxide
emissions. However, it is clear that one way to meet reduction sandardsisto penaize
fossl-fuded power plants to improve the economics of plants that do not emit as much
carbon dioxide, whether those are nuclear power plants or renewables.

One attempt to determine the level of that impact of carbon dioxide emissions wasto
roughly estimate the socia costs of carbon emissons. These prices were based on the
codt of achieving reductionsin emissonsin generd and are hypothetica but illugtrative
of what might condtitute a reasonable scheme. They are based on developed country
averagesfor prices. The amounts are certainly enough to affect the competitive position
of cod versus nuclear and possibly nuclear versus natura ges.

Fud
Steam codl
Heavy fud ol
Natura gas
Light fud all
Gadline

Table4

Social Cogts of Carbon Emissons

Cost $
36
12
11

6
3

Note: these are based on the carbon content for a standardized energy amount.

Source: International Energy Agency
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APPENDIX A

OVERVIEW OF NUCLEAR POWER M ECHANICS

Quite smply, nuclear power garts with uranium. Uranium isanaturaly occurring
radioactive metd and iswiddy digtributed throughout the earth's crugt. Its principd uses
are nuclear dectricity generation and nuclear weapons. Becauseit is dense, even more
than lead, it isaso used as a materia for wegpons and armor for tanks. It isthe only
naturadly occurring materid that can be used for thermd fisson. When bombarded by a
subatomic particle caled a neutron, uranium will split in two and release alarge amount
of energy in the form of heat. Large meanslarge, fisson releases millions of times more
heet than burning a comparable amount of foss| fuels. The Sze of the reease means that
vay littlefud isused. The plitting of the aiom isliteral, meaning thet the uranium aom
is split and forms two other eements. Many different éements can be formed and these,
in turn, split and form other dements. The heat that is released can be used to produce
eectricity.

Although uranium is digtributed throughout the crugt, it must be mined from
concentrations. Although Canada was the firgt source of mined uranium, it is found and
mined in commercia quantities throughout the world including the United States. A
variety of techniques are used induding surface mining and underground mining. The
recovered product is uranium oxide, which after extraction requires several stepsto
purify and concentrate the uranium for use asfudl. Approximately 200 tons of uranium
oxide is converted into about 25 tons of enriched uranium fud.

The concentration of uranium is required to gain the right composition for nuclear fisson.
Uranium comesin two important forms, or “isotopes.” U-238 isthe most common, but it
isnot useful for weapons or ectricity generation by itsdf.™ The much rarer U-235
must be concentrated, or “enriched,” before the uranium can be used for ether purpose.
U-235 normally comprises about .7 percent of uranium. For usein eectricity generation,
it usualy must be enriched to about 3.5 percent. A much greater enrichment, over 90
percent, isrequired for nuclear wegpons. To enrich uranium, the uranium oxide isfirgt
converted to gas and then concentrated. The United States has severd facilities that are
involved in converson to gas and enriching uranium for production of nucleer fuel.

None of these are in Cdifornia***

The uranium, enriched to reactor grade, is placed into fudl assemblies before going into
the reactor core. A typica reactor will have severd hundred-fud assemblies, containing
about 75 tons of uranium. The fud isreplaced regularly, with aout one-third being
replaced every three years. The reactor core iswhere the U-235 isotope is split in the
fisson process and hest is generated. This heat is used to create sseam, which then turns
aturbine, generating dectricity. The chain reaction is controlled by the water, which

T The number after the isotope is derived from combining Uranium's 92 protons (also its atomic number)
plus the number of neutrons. Hence U-235 has 143 neutrons and U-238 146.

A small number of reactors(Canada and Britain) do not require enrichment of uranium. Although that
may sound more desirable, they have other operating requirements that offset that advantage.
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surrounds the fuel and neutron absorbing control rods. The control rods are criticaly
important as they absorb neutrons and dow down the pace of fisson. The reactor vessel
is also flooded with water, which acts as a coolant and a moderator meaning it absorbs

neutrons.

The pressurized water that circulates through the reactor core aso runs through another
vess that isadso filled with water. The water indde that latter vessdl, which is separated
from the pressurized water, is heated to produce steam, which turns a turbine, and then
generates electricity. There are severd other reactor designs, but thisis most common
both in the United States and throughout the world.

Nuclear Reactor Diagram

Containment structure

Stearn line

Turbine
generat or

Caondenser
cooling
water

Pressured water

[ordinary water)
rmoderator and coolant

|:| Ordinary watetr

I:l Steam
[ordinary water)

Source: Uranium Information Centre

Although only uranium is loaded into the reactor we are describing here, the reactor soon
contains plutonium. Plutonium is a radioactive e ement that is man-made and the fisson
of uranium soon creates plutonium. That plutonium is useful in place for fue, about one-
third of the energy produced by a nuclear reactor comes from fisson of the created
plutonium. Plutonium and the issues it presents are discussed more in Chapter 111 on

Hedth and Safety.

When the fuel assemblies are removed, the spent fudl assemblies are radioactive and very
hot. They must be cooled in ponds, usudly at the reactor Site for approximately ten
years. The water cools the fuel and absorbs neutrons, dowing the reaction. After about
ten years, the spent fuel can be removed from the water and stored dry.

Like anuclear reactor, nuclear wegpons depend on fisson. This does not mean that a
nuclear reactor can explode like a nuclear wegpon, in fact it cannot. There are two main
factorsthat prevent the explosion of a nuclear reactor. The reactor usesfuel that is
congderably less enriched than a weapon and the control rods and water serve to
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moderate the fission process within areactor preventing the uncontrolled reaction that is
characterigtic of anuclear weagpon. The other safety systems within anuclear reactor dso
serve to control the fission process.
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APPENDIX B

WORLD NUCLEAR POWER REACTORS 1999-2001

and Uranium Requirements

COUNTRY NUCLEAR REACTORS REACTORS ONORDERor | URANIUM
ELECTRICITY OPERATING | CONSTRUCTION PLANNED REQUIRED
GENERATIONZ2000 1 3.ne 2001 June2001 | June2001 2000
Billion kWh % No. MWe No. MWe No. MWe tonnes U

Argentina 5.7 7.3 . 935 1 692 0 0 146
Armenia 18 33 1 374 g 0 0 0 67
Belgium 45 57 7 5728 0 0 0 0 1020
Brazil 56 15 . 1855 g 0 0 292
Bulgaria 18 45 G 3539 0 0 0 615
Canada* 69 12 14 9993 6* 3599 0 0 1326
China 16 12 3 2167 g 6370 2 1800 418
Czech Republic 14 19 5 2560 1 912 0 0 349
Egypt g 0 q 0 0 0 1 600 0
Finland 21 32 4 2656 0 0 1 100 558
France 395 76 5¢ 63203 g 0 0 0 10513
Germany 160 31 19 21141 g 0 0 0 37071
Hungary 15 42 4 1755 0 0 0 0 354
India 14 3.1 14 2549 2 200 11 4980 312
Indonesia 0 q 0 0 0 1 604 0
Iran d 0 q d 1 950 ] 950 g
Japan 305 KV 53 43505 4 4492 12 15853 7334
Korea DPR (N) 0 0 q d 0 0 2 1900 0
KoreaRO (S) 104 4] 16 12970 4 3800 g 9200 2480
Lithuania 84 74 . 2370 0 0 0 0 359
Mexico 79 39 . 1364 0 0 0 0 231
Netherlands 37 4 1 452 g 0 0 0 105
Pakistan 1.1 1.7 y, 4249 0 0 0 0 56
Romania 5. 11 1 655 1 620 0 0 o0
Russia 120 15 3 20793 3 2629 g 4050 3213
Slovak Rep. 16 53 G 2472 2 840 0 0 531
Slovenia 45 37 1 679 g 0 0 0 132
South Africa 13 6.7 y, 1842 0 0 0 0 366
Spain 59 28 g 7345 0 0 0 0 1533
Sweden 55 39 11 9460 0 0 0 0 1539
Switzerland 24 35 5 3179 0 0 0 0 602
Taiwan 37 24 € 488/ 2 2600 0 0 971
Ukraine 72 47 13 11199 2 1900 0 0 1878
United Kingdom 78 22 33 12528 g 0 0 0 2573
USA 74 20 104 980601 g 0 0 0 17494
WORLD 2447 16 431 352629 371 30299 44 40939 61,176
Sources. Uranium Information Centre Reactor data,_http://www.uic.com.au/reactors.htm
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Notes:
Reactor data: based on information to June 2001

*|n Canada, congruction dataiis for four laid-up Pickering a reactors expected to re-enter
service by 2003, plus two Bruce a units very likely to do so later.

IAEA- for eectricity production.
Uranium Ingtitute 2000: Globa Nuclear Fudl Market (reference scenario) - for U

Operating = Connected to the grid

Building/Congtruction = first concrete poured

Panned = Rdativey firm plans

TWh = Terawatt-hours (billion kilowett-hours), MWe = Megawatt net (electricd as
digtinct from thermd), kWh = kilowatt- hour
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APPENDIX C

Table5
Summary of Acddental Deathsfrom Various Sour ces of Electricity
Energy Option Number & type Ingalation Perevent  Average

Coadl 62 Mines 10-434 200
Qil 6 Capgzing Patforms 6-123

15 Fre& Exploson Refineries 5-145 90

42  Transportation Accident Transportation | 5-500 80
Naturd Gas 24 Various 6-452 200
Water 8 Dams 11--2500
Nuclear Power 1 Chernobyl 31

Source: Organization for Economic Cooperation and Development, Nuclear Energy Agency

Table6
Details of Accidental Deaths from Various Sour ces of Electricity
Occupationa Public

Fuel Immediate Delayed Immediate Deayed
Cod 16-3.2 02-1.1 1-1.0 2.0-6.0
Qil 20-1.35 .001-.01 2.0-6.0
Natural Gas 1-1.0 2 .004-.02
Nuclear .07-.5 .07-.37 .001-.01 .005-.02

Note: The variation occurs because of different risks, i.e. underground versus surface mining. The
measurements are standardized for a constant amount of energy.
Source: Organization for Economic Cooperation and Devel opment, Nuclear Energy Agency
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